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1. ITRODUCTION

For experimental studies of target response to high energy blast, one
needs an accurate definition of the blast field which provides the load on the
target. Direct measurements of the flow field usually are restricted, for
technical reasons, to pressure history observations, and to shock arrival time
and incident shock pressure measurements at various stations. Hence, one has
to compute other flow variables, e.g., the density and the particle velocity,
from the measured pressures. The problem can be formulated as a task to solveSbnu nmerically the governing equations of the flow field with boundary conditions
derived from pressure history and shock observations.

In this formulation, the task is a mathematically ill-posed problem
because the boundary conditions overdetermine the solution in some parts of
the flow field, and at the same time may not be sufficient to compute the
camplete flow history for the full duration of a pressure history observation
at some other station.

A possible regularization of the problem is described in Reference 1. It
consists of deleting one of the flow governing equations, solving the ensuing
well-posed problem numerically, and using the deleted equation later for
control calculations. The calculation starts by first determining a pressure
field function pf(rt) within a region of interest. The function is found by -..

a least squares model fitting, and substituted into the governing equations
which in turn determine the other flow variables. Problems of this type were

considered by Makino2 who observed that one does not need the continuity
equation for the flow calculation if pf(rt) is known. Following Makino's

theoretical ideas, we have established cmputer programs that ccmpute the flow
in the aforementioned manner using the continuity equation at the end of the
calculations to check the accuracy of the results. Reference 1 also contains
an analysis of the sensitivity of the results to observational inaccuracies.
The calculation of corresponding accuracy estimates of the results is included
in the canputer programs.

The present manual describes the structure of the programs and specifies
the input requirements. The basic theory is described in Section 2, and
Sections 3 and 4 provide an outline of the solution method. A more detailed
description of the method is given in Reference 1. The ccmputer program for
the solution consists of three independent parts, BLAFS, BLAFOP AND BLAFHI,
which are described in Sections 5, 6 and 7, respectively. Section 8 contains
descriptions of all subroutines that are included in the three programs in
alphabetical order. The programs are listed in Appendices A, B and C.

Users at the Ballistic Research Laboratory may contact the author about
access for the latest versions of the programs.

1. Aivars Celmigg, "Reconstruction of a Blast Field from Pressure History
Observations," ARBRL-TR-02367, September 1981 (AD-A106141).
2. Ray C. Makino, "An Approximation Method in Blast Calculations,"
BRL-MR-1023, February 1956 (AD-114 875).

7
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2. BASIC ASSUMPTIONS AND THEORY

We seek to determine certain parts of the flow field within a blast J
bubble in air. The area of interest is a relatively narrow strip in the
r,t-plane behind the initial shock trajectory at a distance where the shock
strength is only moderate. We shall assume that the following conditions are
satisfied within the area of interest:

(A) the flowing medium is an ideal gas with zero viscosity and no
heat conduction, and

(B) the event is spherically symmetric and the flow has only a radial
velocity ccmponent u.

The first assumption is satisfied in most applications because typically
the maximum overpressure at the target is only of the order of one megapascal.
Within this pressure regime air behaves like an ideal gas. The second con-
dition is nearly satisfied in most experiments, because usually the explosion
source and the targets are positioned on the same plane, and the blast bubble
is a hemisphere. Deviations from spherical flow symmetry within the bubble
may be caused by local surface disturbances, by wind, and by the presence of
dust in the flow near the ground surface. The present technique cannot be
applied to cases where such disturbances are not negligible.

The governing equations for a flow satisfying the conditions (A) are:

+dt (2.1)

PT- + grad p 0 (2.2)

and
,!e -_ d d,
dt p dt (2.3)

in which
d 8 (2.4)
dt 8 + (u • grad)

is the material derivative. The equation of state is

I P £ (2.5)_- =p'

where "/ is the ratio of specific heats.

Eliminating the specific internal energy e between Equations 2.3 and 2.5 "-.
one obtains

Y .1 dp 0 . (2.6)
p dt p dt

3. Richard von Mises, "Mathematical Theory of Compressible Fluid Flow,"
*. Academic Press, NY, 1958.
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Equation 2.6 can cc integrated along a particle path line. The result is the
well known formula for a particle in an adiabatic flow:

= ( 2.7)
PA 1A

where the subscript A indicates reference values at a point A oa the particle
path.

Tne momentLn Equation 2.2 can be reformulated by substituting in it tne
expression given in Equation 2.7. The result is

du __ 1 (PA\1 28
dt PA P ; (.8

it tne pressure function p(r,t) is given, e.g., by measurements, then Equation
2.o can be nunerically integrated together with the path line equation

dr "dt = u. (2.9)dt -

Tn intcgration provides the path line starting at a point A and the particle
velocity along it. Tne density along the same path line is given by "Equation
2.1. All other flow variables, such as, internal energy, dynamic pressure,
and souna speed can be computed from p, u, and p.

The continuity Equation 2.1 is not needed for the described calculation
of the flow corresponding to an observed pressure field p(r,t). ltheretore,
one can use the equation to test the calculated results, as suggested by

Makino.2  In fact, if the pressure p(r,t) is measured precisely then this test
provides a cneck of the validity of the assumptions (A) and (8) about the flow
field. In praxis, test calculations based on the continuit, equation cannot
provide exactly the same result as the integration along path lines because
tne pressure field function p(r,t) on the right-hand side of Equation 2.6 is
7n approximation containing observational and systematic errors. The effects
oa the former are estimated in our approach from input information about tnc
jata accuracy. Systematic errors may manifest themselves by differences
zetween original and control calculations that are larger than predicteu by
the estimated propagation of the observational errors.

A control calculation baseo on the continuity equation can bc carric-u out
as toilows. First, we use Equation 2.6 cn reformulate the continuity
'-quotion 2.1, obtaining

div u + _ dp = 0, (2.10)

yp dt

or

a 2 2 12
(ru) + (r u) 2 +- = - 0. (2.11)yp r YP at

9



Equation 2.11 expresses the dependence of the quantity r 2u on r for t = const.
A formal integration of the equation along a line t = const. yields

u'(r,t) = uc (. +

(2.12)

2 ap(/,Upt)

r p(r,t) Jr

The subscript C in Equation 2.12 indicates function values at a point C with
the coordinates (rc,t). Using Equation 2.12 one can calculate the particle

velocity u(r,t) by a numerical quadrature along t = const., if an initial
value uC and the pressure field function p(r,t) are known.

In summary, we proceed as follows for the calculation of the flow field.
First, we establish a pressure field function p(r,t) by data fitting. Next,
we integrate Equations 2.8 and 2.9 along a particle path AIB,, as shown in

Figure 1. The integration produces the velocity uB at BI . The density 0B can

be computed using Equation 2.7, once the path line is established. (The flow
variables uA and PA on the shock are known from the pressure field function

and shock relations.) Finally, the calculated velocity uB is compared with

another calculation using Equation 2.12, applied along the line CBI. The

velocity uC at the point C is again obtained from shock relations.

The overpressure field function is determined within the indicated domain

from pressure history measurements along the lines AA3, BB3 and CC3, and from

shock observations. The flow history at r=rB can be calculated between B and

B2, and test calculations by Equation 2.12 can be carried out between B and BI.

3. NUMERICAL INTEGRATION AND ACCURACY ESTIMATES

In most applications, one needs the flow history at some fixed distance,
say rB. We obtain the history, i.e., the values of flow variables at a series

r_. of points along the line r = rB in Figure 1, by integrating Equations 2.8 and

2.9 along a number of path lines, each starting at a different point of the
shock. The test calculation of the velocity is done by integration of
Equation 2.12 along appropriate lines t = const. Figure 1 sche'itically shows
the integration lines and the locations of the computed nodes in the
r,t-plane. The values of the flow variables at the shock as well as the
pressure field function behind the shock that are needed for these
integrations, are obtained by model fitting of shock and pressure observations
respectively.

The results of the shock model fitting are two functions of the radial
distance r and of a model parameter vectorO describing the shock arrival time
ts(r;e) and the shock overpressure ps(r;O) respectively. The shock density s -

10
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and :article velocity u behind the shock follow from these functions and

shock relations. The model fitting of the observed pressure histories

produces an overpressure field function pf(rt;o). (See Section 4.)

The differential equations for the path line, Equations 2.8 and 2.9 are
in terms of these functions:

dr
-= U,

du (3.1)
UT F(rt;O)

where

1/,Y

1 /ps rA;O)+po . pf (r,t) ,
F(r,t;B) rt 3r

and P0 is the ambient pressure. We integrate Equation 3.1 using a fourth

order predictor-corrector algorithm.

The control calculation by Equation 2.12 is carried out by substituting
p and pf in it and then calculating the integral with a Romberg quadrature

routine.

The accuracy of the conputed results depends on the accuracies of the 2
integration algorithms as well as on the accuracies of the data that are used
to determine the pressure functions p5 and pf. The pure integration errors

can be reduced to desired levels by monitoring the integration step sizes.
The errors due to data inaccuracies are estimated using the linearized law of
variance propagation as described below.

4
The least squares data fitting programs provide an estimate of the

variance-covariance matrix V0 of the parameter vector 0 in terms of the
estimated standard errors of the observations. An estimate of the standard
error of a function of 0, e.g., of pf(rt;e) is given by

-[ ,pf e(~pf ).T] 1/2"P =k e j (3.3)

The standard error of ps(r;,) can be calculated by a corresponding formula,

and the standard error of p can be calculated by using the relation
between density and pressure given in Equation 2.7.

The standard error of the particle velocity can be calculated in the same
manner provided that one knows the derivative vector 4u/a6. Unlike cpf ,'ao

f
-- ----------------------------------------

4. Aivars Celmig', "A Manual for General Least Squares Model Fitting,"
ARBRL-TR-02167, June 1979 (AD-B040229L).
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that vector cannot be obtained by a formal differentiation because u is not
given by a formula but obtained by solving numerically the equation systei
3.1. Therefore, we differentiate that system with respect to the parameter
and obtain another system of differential equations where the unknown
functions are the derivatives au/ao and ar/ao. The new system is

d 2F+ 3F3r
dt-Z J ae ar ae

d (a) au (3.4)
dt \1e) ae

The equations are integrated numerically concurrently with the path line
Equations 3.1.

The end point of each path line has an uncertainty in the t-direction
which again can be computed by the variance propagation formula using the
derivatives

at 2t (r We_ _ _+ - -*II) :
u r~r* • . -B s A

B( 3(
2

For the cceputation of the standard error of the dynamic pressure pu /2
one needs to know the variances as well as the covariance of p and u. The
full variance-covariance matrix of the flow field at an end point of a path
line is calculated with the formula___

vH a e (° i ) (3.6)

where

H = (tB' PB' UB' P(B ) 3.7)

is a vector that characterizes the flow field. contains the covariance

between velocity and density that is needed for the dynamic pressure error
estimate.

4. OVERPRESSURE MODEL FITTING

The shock overpressure is modeled by the following three-parameter

function
2• 3

PS(r;a,b,c) a/r + b/r2 + c/r 3 , (4.1)

and the shock arrival time is modeled by the four parameter function
r f dx

t (r;abcd) d + (4.2)
sr r°  C. 41 + y + 1 (a/x + b/x 2 + c/x 3 )

2YPox

13-
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where c is the ambient sound speed and r is an arbitrary reference distance.

The overpressure field function is modeled by the five parameter model

Pf(r,t; .IIA2 ,flF32 ,21;%1t ) = Ps -C yr + C ,nr

where

[(At. I +A2r~,r - -t 5 ] 2(3 1+'12 r (4.4)

In these equations, the exponents nA, nB, and nc are determined by an analysis

of the trends of the observed pressure histories. Therefore, the total number
of free parameters for both model fittings is nine, the four shock parameters,
a through d, and the five parameters, A1 through C1.

The model fitting is done in two stages using utility programs from

Reference 4. In the first stage, one determines the shock functions Ps and

ts . The second stage provides the overpressure field function pf. The data

for the model fittings are measurements of overpressures, times, and distances
with corresponding accuracy estimates. In the second stage one also uses as
input the results of the first stage, namely, the shock parameters a,b,c,d and
their accuracy estimates.

The two adjustment stages are programmed as two independent program

packages, BLAFS and BLAFOP. A third package, BEAFHI, uses the results of the
first two (essentially, the nine pressure field parameters with accuracy
estimates) and carries out the integrations described in Section 3. Instruc-
tions for the use of the three program packages are given in Sections 5, 6,
and 7, respectively.

5. SHOCK FITTING PROGRAM BLAFS

5.1 Purpose of the Program.

The purpose of the program is to determine from measurements of shock
arrival times, distances and overpressures a shock overpressure model function

2 3
Ps (r; a,b,c) = a/r + b/r + c/r (5.1)

and a shock arrival time model function

ts(r; a,b,c,d)= d + dx(5.2)

SCo[ + y + 1 (a/x + b/x2 + c/x3) /2
r°0 2yp° o.--

14
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In these equations r0 is an arbitrary reference distance, c is the ambient

sound speed, po is the ambient pressure, and Y is the ratio of specific neats

of the ambient air. These four quantities are part of the input for tne
program, in addition to tne shock measurements. The program calculites icast
squares values of the four shock model Qarzmeters a, b, c ana Ji, and prcvijt!*
estimates of their variances ana covariances. A program listing with comments -

is given in Appendix A, and the subroutines of the program are described in
Section 8.

5.2 input for the Snock Fitting Program

Tae input consists of two parts: general data describing the ambient air
and the cnarge, and shock observations.

The general uata are proviaeo by three mandatory and three optional
czrus. rhe end of tne general data natch is indicated by a blank cara. The
tirst two manaatory caras have the format (BAIU) and the third card has tho
torrt (2AiU, btlu.3). The contents of the mandatory cards are as follows:

ITITLE 30 character title

IPuYrLABEL 14u character plotting label

1 121
CHAIGE IV, E, H, eH .

The TITLE card contains the identification of the computer run. The
identification will appear on all printed and plotted output.

The PLCITLABEL card contains the identification for the Calcomp plotter
output. It will not appear on individual plots.

rhe CHAH$,E card contains a description of the charge by the following

par aneters:

3
V = volume of the Ltre ball, m
E = released energy, J,
H = height of burst, rn,
e = standard crror of H, m.

The values of V and E are only needed to scale the event, and they do
not affect any other results of the calculations. If scaling is not of
interest, then arbitrary or nominal values of V and E may be entered.
However, V must oe positive. The height It corresponds to the center of tnc
fire bail. it snould of s-,ll compared to tne distance optwe-n the center of
the explosion and the locations of the pressure gages in order not to violate
the assumption of a spherical symmetry of the flow field.

U

; .,-- L. ' .- L .'. _...'_. -'.- " '-. '.•. - -. .-' -" - .- ••. . .- . . - '-. . .• -'.. .. .- .' . . ..-.-.- .- .- '."1-5



The three optional cards have the same format as the CHARGE card, namely
(2A10, 6E10.3), and they may be entered in arbitrary sequence after the first
two or three mandatory cards. The cards have the following contents:

AMBIENT P, t Y , M
0o 0

SCALES is st, S

PELOTING DATA f f.

The AMBIENT card specifies the ambient air as follows:

Po = ambient pressure, Pa (101325.0)

To = ambient temperature, K (293.0)

Y = ratio of specific heats (1.4)

M = molar mass, kg/mol (0.02896)

If this card is missing, or if an input value is not positive, then the
missing or faulty value is replaced by the corresponding default value shown
in parentheses. The input must be expressed in base SI units, as indicated.

The SCALE card allows one to carry out the calculations in arbitrary
scales. The specified scales are:

= distance scale, m

Sp = pressure scale, Pa

St = time scale, s.

If the SCALE card is missing or if any of the scales is not positive then the

following default scales will be used:

s V1/3 ,
r

p Po

where co0 is the ambient sound speed, computed with the formula

co  T :.:,
0 0

with the universal gas constant R = 8.3143 J/(K x mol). The scales sr, Sp

and st are also used for the output. Therefore the SCALE card permits one to

obtain the output in non-standard scales, if desired. If the output is to be

16



in oase SI units then unit scales sr = S s t  1 must be specified. lhep 

°

numerical performance of the program is little influenced by the scaling.

The Pu)rrNG DATA card contains crror factors for tne plotting of confi-
aence liaiits:

f = error factor for confidence limits in pressure plots,
p
f = error factor for confidence limits in all otner plots.

The piotte confiuence limits will correspond to f and f standaru errors,
p

respectively, if the card is missing then the default values fp = f = z.u are

used. if a factor is zero then corresponding confidence limits will not be
plotted.

The end of the general data is indicated by a blank card. It is followed
Dy card/s containing snock data. All shock data caras nave the format (2AIU,
6EIu.3) and their sequence is arbitrary. Each snock point is represented oy
two cards with iaentical labels. The two cards contain the following data:

I1 10111 2u121
LaOel ISHOCbbbbb t, et , p, 0

1 1u 11 2UI21
Laoel IRANGEbobbblx, ex , n, eh

where

t = shock arrival time, s,

et = standard error of t, s,

p = shock overpressure, Pa,

e = stanuara error of p, P'a,

x = range (ground distance) of observation station, i,

ex = standard error of x, m,

h = elevation of observation station, m,

en = standara error ot h, m.

The "Label" is e ten cheracter alphanumeric ioentitication of the observation.
Missing t- or p- observations are indicated by a zero or a blank fieli. (t = U
or et = 0 indicate a missing time observation; p = U or e u indicate a mis-P
sing pressure observation.)

The maximum number of snock observations tnat will be read by the program
is 5u. If tne number is less than 50, then the enu of the snock datat should be

-7
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indicated by another blank card. The minimm number of shock points for the
model fitting is four because the model function contains four free para-
meters.

After the data have been processed and the shock model parameters
determined, the program will try to read the next shock fitting case, starting
with the general input. The execution will come to a programmed stop if the
input is not a TITLE or PLOTLABEL card, for instance, if it is a blank card.

The computing time for a typical shock fitting problem is less than 20
seconds on the CDC 7600.

5.3 Shock Fitting Process and Output

The shock fitting is done by a least squares process with constraint

equations derived fran the model functions ps and ts, defined by Equations 5.1

and 5.2. Let pi, ri and t. be the observed shock overpressures, distances

from the center of explosion and shock arrival times, cpi, Cri and c be the

corresponding residuals, and let s be the nu.mber of observed shock points.
Then the constraints are formulated as follows:

3 Cr "3Fl = (p + c)P(r + C+ c r; a,b,c) = 0,
1i 1 +1 1 i ri) Ps1( ri (5.3)r(5.3) "'-

Fi c t (r. + c r; a,b,c,d) - (ti + cti) co = 0 , i = 1, . . . , s.
2i 05 1 ri

The distance r. is calculated from the range (ground distance) xi and

elevation h. by

r. = (x.2 + (h. - H) 2 )1 / 2  (5.4)

with the estimated standard error

er = (xie .) /r2 + ((h._H)/r) (ehi2H+ e2 1/2. (5.5)

The arbitrary constant r° in the function ts, Equation 5.2, is set equal to

the smallest observed distance r-.

The least squares objective function is

s 2 2 t£e£2 "i

(e/ep + (C ./e .) + (c /e (5.6)

It is minimized subject to the constraints 5.3. The minimization is done by a
version of the least squares utility routine COLSMU (Reference 4) for problems
with multi-canponent constraints. The flexibility of the routine permits one
to use also such data sets from which either the overpressure observation pi

ia
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or the time observation t. is missing. (The constraint for such an inccmplete
1

data set is only one of the two Equations 5.3.)

The data fitting is done in four steps:

Step 1. Only pressure is adjusted. This renders the problem linear
in the parameters (only the first equation of Equation 5.3 is
used) and provides a convenient method to obtain initial
approximations of the parameters a, b and c.

Step 2. Only pressures and distances are adjusted. This provides better
initial approximations of the three parameters a, b and c for
the next step.

Step 3. Simultaneous adjustment of all observations: pressure, distance
and time. This provides the final values of all four para-
meters, a, b, c and d.

Step 4. Only pressures and times are adjusted. This is merely a test
for the effect of distance measurement inaccuracies. The result
of this step corresponds to the assumption that distances are
measured without errors. We notice, however, that the "distanc-
es" are measured from an imaginary and ill defined "center of

explosion." Therefore, very small distance errors are probably
not a realistic assumption and the range standard errors e x , to

be specified by input, probably should be larger than the
range survey errors. -

The output of the shock fitting program consists of printed summaries of
the general data and shock data in self-explaining formats, and of printed and
plotted results of the four adjustment steps. The printed output of the -
adjustment steps also includes standard output generated by the least squares
subroutine COLSMU, which may be useful in case of algorithmic difficulties.
Normally, the only relevant output is the self-explaining summary of the
adjustment results in Step 3. Corresponding plots of ps(r), ps(t) and r (t)

curves serve as illustrations and provide a visual check of the adjustment
quality in all four steps. Examples of output plots are reproduced in
Reference 1.

5.4. Structure of the Shock Fitting Program

The shock fitting program consists of a main program and 15 subroutines.
Figure 2 shows a flowchart of the main program. The hierarchy of the various
subroutines is shown in Figure 3 and the comnunications between the

subroutines through COMMON blocks is displayed in Figure 4. A listing of the
programs is given in Appendix A. The contents of the six COMMON blocks that
are used in the shock fitting programs are as follows:

COMMON/AMBCHA/po , To, 7 ,M, V, E, H, eH.
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STR

READ AMBIENT DATA
READAM STOP IF NO DATA

READSHREAD SHOCK DATA

ARRANGE DATA FOR

SCALSH LEAST SQUARES FITTING

FITSH SHOCK FITTING

PRSHAD PRINT FITTING RESULTS

DIMPARS PRINT RESULTS IN SI UNITS

PLPDSH
PLOTTING PROGRAMS FOR

P LPTSH pyr), yf(t, ryt)
PLDTSH

Iterate 4 times CHANGE ADJUSTMENT TYPE

Figure 2. Main Program SIIOKFIT for Shock Fitting
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E -IN

E cZ LU
CD UjU C/)

iii Subrouflnes
DIMPARS- ----

FITSH - x ~

FMSHCK-- -

F2DER -x ---

F2SHCK- - ---

LOGSC- -- - -

PLDTSH Ix x x -x x

jPLPDSH x -x - x

PLPTSH x x x -x x

PRSHAD x

READAM--

READSH
SCALSH x SO 0 x -

Figure 4. Access to COMMON Blocks by Shock
Fitting Subroutines.

A circle indicates the subroutine which enters
data into the COMMON block.
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This block is filled by the subroutine READAM and its contents are

PO = ambient pressure, Pa,

To = ambient temperature, K,

= ratio of specific heats,

M = molar mass, kg/mol,

V = volume of fire ball, m 3O

E = released energy, J,

H = height of burst, m,

eH = standard error of H, m.
H!

COMMN/CF2DER/r , Co, a, b, c, d, Xmin, Sr' p s t . .

This block is filled by the subroutines SCALSH and F2SHCK. Its
contents are

r = [('+Y)/(2Y)1(Ps/po), (factor in Equation 5.2),

c° = (YT° 8. 3143) 1/2= o 8tr/Sr, (sound speed),

a, b, c, d = shock parameters, see Equations 5.1 and 5.2,

min  =(xi/sr)mi n ,

s = distance scale, m,

r

S = pressure scale, Pa,
p

r t = time scale, s.

COMMON/EMISFM/MISPDT(3,50), DISTN(50), NODIST, SCD.

This block is filled by the subroutines SCALSH and FITSH. Its
contents are

MISPDT(3,50) = a non-zero in this array indicates a missin.
component of the observation vector (Pi, ri, t).
i = i, .. ., 50. -1'

DISTN (50) = scaled distances r./s

1 r

NODIST : a non-zero indicates for the subroutine FMSHCK
that the distances are not to be adjusted, but
the values from DISTN used. This is set by the
subroutine FITSCH.

SCD = distance scale sr, m.

23
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CMON/CMPSH/p. Pmn' Paxrmin max' trin' tmax

This block is filled by the subroutine SCALSH and its contents are
the extremes of the observed values of overpressure p (Pa), distance r
(m) and time t (s).

CCMMON/COMSHDT/TPXH(4,50), ERTPXH(4,50), TITLE(3), ALAB(2,50)

This block contains the raw shock observations. It is filled by the
subroutine READSH and its contents are

TPXH(4,50) = observation vectors (t,p,x,h) for up to 50
observation sets. The units of the observations
are (s, Pa, m, m).

ERTPXH(4,50) = estimated standard errors of the observations in
TPXH.

TITLE(3) = alphanumeric title of the computer run, read from
the TITLE card.

ALAB(2,50) = alphanumeric identifications of the observation

sets.

COMMON/PLOT/PD (6), PLABL (4)

This block is filled by the subroutine READAM and it contains
information for the plotting routines.

1D(6) = contents of the PLOTTING DATA card. Only the
first two components are used: PD(l) = fp,
LD(2) = f. See Section 5.2. p

PLABL(4) = label for Calcomp plots, read from the PLOTLABEL
card.

6. BLAST FIELD OVERPRESSURE FITTING PROGRAM BLAFOP

6.1. Purpose of the Program

The purpose of the program is to determine from measurements of overpres-
sure histories at a number of stations a model function that approximately

describes the overpressure field within a limited region behind the shock.
The model function has the form

7-A(r) + 2B(r)Pf = [P(r) - C(r)]e + C(r), (6.1)

where = - t (r), (6.2)

ps(r) and ts(r) are known functions describing the incidental shock overpres-
S5

sure and arrival time, and A(r), B(r) and C(r) are unknown functions of the
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distance r from the center of the explosion, to be determined by the program.
The region in which the fitted overpressure field function pf approximates the

overpressure field is indicated in Figure 1. The three adjustable functions
of r are defined by

A(r) (A1 + A2 r)/r
1 2'

n
B(r) = (B1 + B2r)/r B, (6.3)

n C
C(r)= Cl/r

The three exponents, nA, nB and nc , are determined by a trend analysis of the

overpressure histories, and the functions ps (r) and ts(r) are determined by

shock fitting (see Section 5). Thus the function given by Equation 6.1 con-
tains five free parameters, A,, A2, B1 , B2 and CI, which are determined by a

least squares approximation to the pressure history data. A program listing
is given in Appendix B and the subroutines of the program are described in
Section 8.

6.2. Input for the Blast Field Overpressure Fitting Program

The input consists of three parts: general data, results of the shock
fitting described in Section 5, and overpressure history observations.

The general data are provided by three mandatory and three optional
cards. The format and the contents of the cards are the same as for the
general data input for shock fitting described in Section 5.2. (The cards are
read by identical subroutines.) The end of the general data batch is
indicated by a blank card.

The shock fitting results are provided by four cards in arbitrary order.
The cards contain the shock fitting parameters and their error estimates. The

format of all four cards is (2Al0,6EI0.3) and their contents are as follows

1~1 21

SHIOCKPAR ja, b, c, d, r0

1 Z 121 .1.

ISHOCKPARE RORSI ,eb,ece ed

I SHOCKPARCORCOEF ab, Cac' cad, c, Cb , C cd

ISHOCKSCALESbR,P,'r I , st, s.

The end of the shock fitting data is indicated oy a blank card.
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The numerical contents of the four cards is normally taken from the
results of the third step of shock fitting. (See Section 5.3.) The meaning
of the contents of the cards is as follows

a, b, c, d = shock fitting parameters, see Equations 5.1 and 5.2.

r = shock distance for arrival time d.
0

e, eb, ec, ed = standard errors of the shock fitting parameters. The
standard error of weight one, e0 , generally should

be included as a factor in these estimates, if e is

larger than one, or deviates considerably from one.

cab through cd = correlation coefficients of the shock fitting
parameters.

sr, , = scales, in metres, pascals and seconds, of distance,
pressure and time which are used to express the shock
parameters. If the shock parameters are expressed
in SI base units, then the scales are 1 m, 1 Pa and
1 s, respectively.

The third batch of input consists of cards containing overpressure his-
tory observations. Each overpressure history is entered by one card contain-
ing the range and elevation of the pressure transducer, and a number of other
cards each containing an observed time and corresponding overpressure at the
station. The number of t,p-observation sets must be at least four for each "4
station. The total number of stations must be at least two and not more than
50, and the total number of t,p-observations in all stations is limited to
5000. All cards pertaining to one history, including the range and elevation
card, should be in one batch. Their order within the batch is arbitrar. The
format of the cards is (2A10, 6E10.3). The first word (AlO) is a labcl iaen-
tifying the station, that is, the overpressure history, and it should be the
same in all cards belonging to that history. A different label indicates for
the computer the beginning of a new batch pertaining to a different history.

The contents of the cards are as follows:

1 11 20 21
Label RANGE,ELEV x, e x , h, eh

1 11 20 21

Label TIME,PRESb t, et, p. e

where x = range (ground distance) of the station, m

e = standard error of x, m,

h = elevation of the station, m,

eh = standard error of h, m,
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t = rine after detonation, s,

e = standard error of t, s,

p = overpressure at time t, Pa,

cp standard error of p, Pa.

2he eno of all date is indicated by a blank card.
I'ne comrnutinq time for a typical case (5 histories, and a total of 150

t,p-obscrvations) is less than IOb seconds on the CDC 76uU.

b.3 Overpressure Field Fitting Process anu Output

The overpressure fiela function is determined in two steps. First, atiree parameter zxponcntial function

n= (Ps + cAT+ i 2 C, Ce(6.4)

with T t-ts, is fitted to each overpressure history. Then the depence

of trnL fitting parrmeters A, B and C of the individual histories on the
jistance r from tne explosion is analyzed, and power function approximations
are determined in the form

nA nB  n
AM = Ao0/r , B(r) = Bo/r3 , C(r) = C/r . (6.5)

The ensuing values of the exponents nA, nB ano nC are used in Equation b.3 to

construct the overpressure field function.

Tne secono step consists of a joint fitting of all ooservations to the
overpressure model 6.1 through 6.3. Free parameters for that fitting are the
five constants A1, A2, BI, B2, and C1.

The output starts with a comprehensive summary of all input data. Next,
the individual histories are fitteo using a version of the least squares
utility routine COLSAC (cference 4) with the constraint function

fi = Pn(ti + cti; A, B, C) - (pi + c i)' i = l,...,s, (.b)

where t. anu pi arQ tne ouserved times ana -ressures, cti and C . thn

corresponir residuals, and the function ph is defined by Equation 6.4. (Tnc

function ph is different for each history because the shock values ps and t

arc uitferent for each history.) CULSAC prints the aajustment results in a
stanaaro form, whicn is supplonented. by a selt-ex~iaininq list of jU.t_
oata ana parameter v.alucs. In 3naition, CLlcomp plots crc gcnerptced of ?ach
aojustwJ history, proviainq a visual check of oata and a ijustcrits. At tn,'
Enc of t~ic first step a list ot the parameters A, B and C of cll nistories 1

provieo togctner witn tne exponents nA, n U anu nC , ana tiie values ot o  0
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ana CO. Tne three parameters A, B and C are also shown in log,log-plots as

functions of r.

In the second step, the joint fitting of all observations is done in
substeps to avoid algorithmic difficulties. First, only overpressure
observations are aijustea; then overpressure and time observations are
adjusted, and finally, overpressure, time and oistance observations are
aajusted. The adjustments are again done by the COLSAC routine, now using
constraints derived from the model function 6.1 through 6.3. The constraints
are formulateu as the function

f = Pf (ri + cri' ti + cti; A1, A2' B1, B2' CI) - (Pi + ci) = U,i = s
1 1 pi(6.7)

wnere pf is defined by Equation 6.1. The output consists of the standard

output by COLSAC, and after the third substep, a list of the adjusted obser-
vations and a list of the overpressure field parameters in SI base units. For
each history a plot is provided of the overpressure field function, its
confidence limits and the corresponding observations. A final plot gives in
the r,t-plane the locations of the observed histories, the shock trajectory
and some particle path lines. The latter plot can be used for the planning of
experiments, because it provides an indication of the domain in which the flow
field can be reconstructed and checked by test calculations. (See Figure 1.)
Examples of tne various plots are given in R eference 1.

6.4. Structure of the Overpressure Field Fitting Program

The overpressure field fitting program consists of a main program and 41
subroutines. Five of the subroutines (COLSACA, COLSACB, 11TRINDB, LUDATD,
LUELMD) belong to the least squares model fitting utility routine COLSAC
(Reference 4), and usually are not included in a special application program,
but attached as needed for a particular computer run. For the present
application tne set of routines was modified, and the program package contains
the modified version. The modifications concern the use of the LEVEL2 option
for certain arguments of these subroutines. LEVEL2 variables were necessary
in order to accomodate the possibly large number of data within the present
computer configuration at BRL. (The shock fitting program described in Section
5 uses a standard version of the least squares routine COLSMU, which is
therefore not included in the program package, but attached at run time.)

A flowchart of the main program is shown in Figure 5. Most of the
subroutines that are called from the main program are cuite simple. The
structures of the two more complicated subroutines, FITPR and FTPFLD, are
illustrated by Figures 6 and 7. At a lower level, the subroutine PFIELD for
the computation of the overpressure field is more involved and its hierarchy
is shown in Figure 8.

A list of COMMON blocks is given in Figure 9 together with the names of
subroutines which have access to the blocks. Seven of the 16 blocks are dummy
blocks, anci needed only because of idiosyncrasies of the LEVEL2 option. (They
are not used to transmit information between different parts of the program.)
Several other blocks are identical to those used in the shock fitting program,
Section 5. A description of the contents of the COMON blocks follows.
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START

READAM READ AMBIENT DATA

READSP READ SHOCK FITTING PARAMETERS

READPR READ OVERPRESSURE HISTORY DATA

SCALPR PREPARE ONE HISTORY FOR FITTING

FTITPR FIT ONE HISTORY

DIMPAR PRINT RESULTS IN SI UNITS

PLTPNTS PLOT FITTING RESULTS

REPEAT REPEAT FOR ALL HISTORIES

PRINPAR PRINT SUMMARY. COMPUTE EXPONENTS

PLTPAR PLOT PARAMETERS vs DISTANCE

FTPFLD FIT ALL OVERPRESSURE DATA

DIMFLD PRINT RESULTS IN SI UNITS

PLTLOC PLOT HISTORY LOCATIONS IN r,t-PLANE

STOP
Figure 5. Main Program OPRE'FIT for Overpressure Field

Fitting.
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I COMM ON Block Subroutines with access to the COMM ON Block

INAM and Length I
IAMBCHA, 8 IREALAM, READSP, READPR, PLTL.OC, SHOCK, STRBEX

CFLDEX, 3 IACOEF, BCOEF, CCOEF, FTPFLDI

ICF2rWER, 10 IF2DER, FRSHCK, READSP, SHOCK, SHOCK2, SHTINT, SHODER,
I I STIRBEX3

3 I CcJ4PR, 30150 IFTPFLD, READR, SCI4LP, PLTFLDI

ICCV4SHK, 24 1 READ6P, OFUNCT, SHOCK, SHOCK2, SHOC)ER, STRBB I

CPARiG, 155 IPLITLDI

ICSCA.LE, 3 IFTPFLD, UWT, PLTLOC, SIRBEYG, P1.17W

IGUEC2 , 60 IGUESS, FLDGES

IPLOT, 10 IREAIW , PLTPAR, PLTPNTS, PLLC, PLTFLD

PSTS, 2 IFITPR, EXPOJ, PLTPN7S

ISCRCH, 13660 IFITPR

SCRCHA, 195 IPLTPNS

ISCRCH2, 114307 IFPI'FLD, PLThLD

SCRCH3, 155 ISTRLIN

I CRCH4, 140 IPLIYAJX

ITPINDX, 2 IFrPFLD, FLEX3ES, FIELD, QFUNCT, PRTFLD, STRLIN, PLTh'LD

Figure 9. List of COMMONI Blocks in the Overpressure
Field Fitting Program BLAFOP

7he underlined subroutines enter data into the COMMON~t Block.
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- - -

CCMMON/AMBCHA/ - see the description in Section 5.4.

CCIMON/CFEDEX/nA, nB, nC .

This block contains the three exponents in the field function,
Equations 6.1 through 6.3. The block is filled by the
subroutine FTPFLD.

CCMMON/CFZ)ER/ - See the description in Section 5.4.

CCMMON/CCMPR/TP (2,5000), ERIP (2,5000), ALB(2,5000), NSET(50), DIST(50),
EROIST(50).

This block contains the raw input from history observations.
It is filled by the subroutine READPR. Its contents are

TP(2,5000) - time and pressure observations,

ERTP(2,5000) - corresponding standard errors,

ALB(2, 5000) - labels of the observations,

NSET(50) -numbers of t,p-observations in each history; up

to 50 histories are permitted,

DIST(50) - ranges (ground distances) of up to 50 pressure
transducer locations,

EFDIST(50) - standard errors of the ranges in DIST.

Cc1tON/CCSHK/NPS, PAR (4) ,VPAR(4,4), s , S , St .

This block contains the shock fitting parameters and their
variances. The block is filled by the subroutine READSP and
its contents are

NPS - number of shock parameters; this is a set equal to
four,

PAR(4) - shock parameters a,b,c,d,

VPAR(4,4) -variance-covariance matrix of the shock
parameters,

Sr, p, s - length, pressure and time scales which are used
to express the shock parameters.

C"MON/CPARG/

This is a dummy block, necessary to use the LEVEL2 memory option.
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COMMN/CSCALE/s Sp, s t

This block contains tne scales for distance, pressure anu tine
.ich are useo for the calculations in this program. Tley arr.

set by FTPFLD in accordance with the general input.

ClMMON/GUECM/

This is a dummy block, necesary to use the LEVEL2 memory option.

Ccxt4ON/PLOr/

See description in Section 5.4.

ccoJ I/Psrs/ps , t s

-his block contains a snock overpressure and a corresponding

shock arrival time. It is set by the subroutine FITPP.

Co:m /SCRCH/

CC(X4ON/SCRCHA/

CCkM1N/SCRCH2/ Dummy blocks necessary to use the LEVEL2
memory opt ion.

COMMON/SCRCH3/

C1A iN/SCRCH4/

COMMOLN/TPINDX/it, ip

This block contains two indices signifying the time and pressure
components of the three component observation (p,tr).
Subroutine FTPFLD sets i t = 2, ip =.

7. BLAST FIELD HISTORY COIPUTATION PROGRAM BLAFHI

7.1. Purpose of the Proqram

The purpose of the program is to compute blast field histories at given
locations using a previously determined overpressure field function. The
computation process is schematically described in Section 2 and illustriteu uy
Figure 1. It consists in essence of numerical integrations of a nLnber of
selected path line equctions anj of quadratures over flow field functions
along lines t = const. The results of these calculations produce, at
specified distances r, histories of overpressure p, particle velocity u,

2density P, dynamic pressure pu /2 and tempcrature T, all with nstinated
stanoard errors. A program listing is given in Appendix C and the suoroutines
of tne program are described in Section 8.
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/.2. Input for the Blast Field History Computation Program

The input consists of four parts: general data, results of the shock fit-
ting described in Section 5, results of the overpressure field fitting de-
scribed in Section b, and instructions as to what calculations are to be done.
The tour data groups are entered as four batcnes of input cards, separated by
a blank card at the end of each batch.

The jeneral data are provided by three mandatory and three optional
cards. The format and the contents of the cards are the same as for the
general data input for shock fitting described in Section 5.2.

The shock fitting results are provided by the four cards described in
Section 6.2.

The overpressure field fitting results are entered by seven cards
containing the overpressure field parameters and their estimated standard
errors. The format of the cards is (2AlU, 6ElU.3) and their order is
arbitrary. The contents of the caras are as follows:

FIELDPAR IA1 A2 , B1, B2, C1

These are the five overpressure field parameters, see Equations

6.1 through 6.3.

FIELDPARERRORS eAlt eA2 ' e I , eB2' eCli

These are the standard errors of the overpressure field

parameters.

1 121
FIEW.PARCObl c1 2, c 1 3, c1 4, c1 5 , c 23

121
IFIELDPARCOb2 c 2 4 , c 2 5 , c 3 4 , c 3 5 , c 4 5

These cards contain the correlation coefficients between the
overpressure fielo parameters.

1 121
nAFIELDPAREXNENTS A, nB, nC

These are the exponents in the overpressure field function, see
Equation 6.3.

FIELLPARSCALES Is, S, sr P t

Scales in metres, pascals and seconds, of distance, pressure - -

and time that are used to express the overpressure field
parameters.
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FIELDPARRANGE mmn  r
mi'max

Distances in metres between which the overpressure field
function is assumed to approximate the real overpressure.

The end of the pressure field data is indicated by a blank card.

The computing instructions are entered by one card for each set of
histories that are to be calculated. The card has the format (2AI0,6E10.3)
and the following contents:

HISTORYbR,TMAX,NRPTS 1r,t n

where

r = distance fram the center of explosion at

which the histories should be computed, m,

tmax = end time for history calculations, s,

n = approximate number of nodes to be calculated; n should
not exceee 100.

The program starts the calculations after a HISTORY card is read. After
completing calculations the program tries to read the next HISTORY card. A
blank card indicates the end of the input and will cause the program to stop.

A typical ccmputing time for a history with 80 nodes is 150 s on the CDC

7600.

7.3 blast Field History Coxnputation Process and Output

A short description of the camputation process is given in Section 2 and
the process illustrated by Figure 1. More detailed information about the
numerical integration of the path line and derivative equations is given in
Reference 1, Section 3. The actual history is obtained at the prescribed
distance r and for equidistant time values by interpolation in the r,t-plane
between path lines. Details of the interpolation process are given in the
description of the subroutine FLINrER.

The output of the prcgram consists of a ccmprehensive srmary of all in-
put data, that is, the geieral (ambient) conditions, the shock fitting results
and the overpressure field fitting results, followed by a printed list of the
computed histories. The list contains values of time t, overpressure p, veloc-

ity u, density P, and dynamic pressure Pu 2/2, all with estimated standard
errors, at equidistant time intervals. In addition to these histories a list
of the test velocities is printed together with the corresponding original
velocities and the dynamic pressures computed using the test velocities.

37

. . . . .. . • . ./ . . . * . . . . . , , .



The printed output is supplemented with plots of the five histories of p,

u,P,pu 2/2 and T, and a plot of the dynamic pressure history computed using the
test velocities instead of the original velocities. Examples of the plots are
given in Reference 1.

7.4. Structure of the Blast Field History Computation Program

The program consists of a main program and 28 subroutines. Most of the
subroutines are identical to those used in the shock fitting and the pressure
field fitting programs. A flowchart of the main program is shown in Figure
10, and a flowchart of the principal subroutine FLOWFLD is shown in Figure 11.
The routine computes the flow history at r = rB by calculating a number of

particle path lines (each line is generated by calling STRBEG and STRLIN) and
by interpolation between the lines to obtain history values at r = rB and for

equidistant t-values. After calculations are completed the output routines
PRIHIS, UTEST and PRITST are called to print results and to compute test
velocities. Other subroutines of the program have quite simple structures.
The somewhat more involved structure of PFIELD is shown in Figure 8. Short
descriptions of all subroutines are given in Section 8.

A list of COMMON blocks is given in Figure 12, showing also the narnmes of
those subroutines which have access to the various blocks. Most of the COMMON
blocks have the same contents as corresponding blocks in the other two program
parts, BLAFS and BLAFOP. Next, we give a description of the COMMON blocks.

COMMON/AMBCHA/

This block contains general data and is described in
Section 5.4.

COMMON/CFLDEX/nA, nB, nC

This block contains three exponents of the overpressure field
function, and it is filled up by the subroutine READFP. (See also
Section 6.4.)

COMMON/CF2DER/ - See the description in Section 5.4.

COMMON/COMFLD/P(5),V(5,5),sr, S , st, r min , rma x

This block is filled by READFP and it contains the parameters of the
overpressure field function. The contents of the block are

P(5) (A1 , A2, B1 , B2, C1 ) = overpressure field

parameter vector;

V(5,5) = variance-covariance matrix of the parameter
Vecctor P;

S rSp st  = scales in metres, pascals and seconds of
distance, pressure and time in which the
parameters P are expressed;
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START

READAM READ GENERAL DATA

REAOSP READ SHOCK FITTING RESULTS

RE AD OVERPRESSURE FIELDIIEADiKI FITTING RESULTS

Red HISTORY co~rd STOP-if cord is blank

COMPUTE HISTORIES AS SPECIFIED
FLOFLD BY THE HISTORY CARD

PLTFFLD PLOT COMPUTED HISTORIES

Figure 10. main Program HISTORY for Flow Hfistorv Computation.

39



ENTER

ECOMBINE SHOCK AND FIELD PARAMETERS
R = r

25
ESTABLISH At FOR

SiTRBE G INTEGRATION IN STRLIN

STRLIN (New path line)

STORE PREVIOUS FRTLN
PATH LINE N E

65 N E
SET t t+ at

FOR NEXT HISTORY CALCULATE AR FOR NEXT
NODE INTERPOLATION PATH LINE AND At FOR

HISTORY CALCULATIONS

FFLINTER (INTEROAE 55
73 STORE FIRST HISTORY MOD

/NEED NEW LINE?7
YES NO /ONE NODE CASE ?

85NO YES

tme, REACHED?14

UTEST

.E S NO [MSSG YEETR

... ir 1. o hato'Sb uin



C: T7I7 _

BCOEF- x- L- - -D

CCOEF x

FLOFLD xx

F2SHCK -

PLEELD
PR IHIS
PRITSI -

QFUNCT x
REPADAM 06
REPIDFP
READSP
SHOCK x x x

SHOCK 2 x

SHODER x

SHTI NT
STRBEG x -x x -x

UTESI x

* UTINT --- x--

MAIN PR. x x

I.'. *\Ac - to, (,ONN.ON l1oc(ks bY HiI torv

* ( ~rt , SOhrOut ITIS

~. hiI r't F. 1at i ntrv. ilito the (70OM fN Block.



rmin, rmax = distance range in metres for which the overpres-
sure field function is assumed to hold.

COMMON/COMSHK/ - See the description in Section 6.4.

COMMON/COUTST/t,P(10), ,po

This block contains information about the test computation by the
quadrature Equation 2.12. It is filled by the subroutine UTEST
and its contents are

t time for which the integration is done, expressed in
the st units that are used for calculations

R(10) = the nine overpressure field parameters A,, A2, B1, B2,

CI, a, b, c, d. The tenth component of P is not used.

= ratio of specific heats,

Po ambient pressure expressed in the s units that
are used for calculations. P

COMMON/CSCALE/ - see the description in Section 6.4.

COMMON/PLOT/ - see the description in Section 5.4.

8. DESCRIPTIONS OF SUBROUTINES

This section contains short descriptions of all subroutines in alpha-
betical order. The listings of the subroutines in Appendices A, B and C
contain additional comments. Sane subroutines are used in more than one of
the BLAF programs, and listed in more than one Appendix, as indicated in the
headings of the following descriptions.

ACOEF (Appendices B and C)

This subroutine computes the function 6.3,

nA
A(r) = (A1 + A2r)/r.

and its first and second order derivatives with respect to t,p,r and the five
parameters PAR = (AI,A2 ,,B 2,CI). It is called from QFUNCT and it uses

COEFFI for the actual calculations. The conventions for the arguments are

t = X(l,...), p : X(2,...), r =X(3,...).
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BCOEF (Appendices B and C)

This routine computes the function 6.3

B(r) = (B1 + B2 r)/r
n

and its first and second order derivatives. Its structure and conventions are
the same as those of ACOEF.

CCO F (Appendices B and C)

This subroutine computes the function 6.3,

nC

C(r) = C1/r 
,

and its first and second derivatives. (See also ACOEF.)

COEFFI (Appendices B and C)

This is an auxiliary routine for ACOEF, BCOEF and CCOEF and it calculates
the function

A =(p + p2r)/rex

with its first and second derivatives with respect to r, p1 and P2.

COLSACA, COLSACB (Appendix B)

This is a version of the COLSAC routine (Reference 4), modified to
conform with the LEVEL2 menory option for certain of its arguments. The COLSAC
routines are general least squares adjustment routines for scalar constraints,
generally non-linear in terms of the observati ons and parameters.

DIMFLD (Appendix B)

This routine computes the overpressure field parameter values in base SI
units, and prints a comprehensive summary of the parameters and their estima-
ted errors. The routine is called from the main program for overpressure
field fitting after completed calculations, and DIMFLD produces the last page
of printed output for that program. Information from this page is used as
input for the history calculation program.

DIMPAR (Appendix B)

This routine computes and prints the individual overpressure history
paramaters A, B and C of Equation 6.4 in base SI units. It is called from the
main program for overpressure field fitting after the individual fitting of
each overpressure history.

DIMPARS (Appendix A)

This routine is called from the main program for shock fitting after each
of the four fitting steps. It calculates the shock fitting parameters in base
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SI units and prints a comprehensive list of the shock parameters and their
estimated variances.

ERELCM (Appendix B)

This routine computes 201 nodes of an error ellipse for a given
variance-covariance matrix. It is used by several plotting routines.

EXPON (Appendix B)

This is the constraint routine for the three parameter exponential
function, Equation 6.4. It computes

2
A+ Br

f = (Pshock + C)eA - C - p

where 7 = t - tshock

and the first and second derivatives of f. EXPON is used as constraint by
FITPR when the latter routine calls the least squares routine COLSACA to fit
an individual overpressure history.

FITPR (Appendix B)

This routine is called by the main routine for overpressure field fitting
to carry out a fitting of an overpressure history. Figure 6 shows the hier-
archy of FITPR.

FITSH (Appendix A)

This routine is called from the main program for shock fitting. It pre-
pares the shock data for least squares fitting and calls the fitting routine
COLSMUA. A modifier KA in the argument of FITSH indicates which observations
(pressure, distance, time) should be adjusted and the data preparation is done
accordingly. The constraint routine for the fitting is FMSHCK.

FLDGES (Appendix B)

This routine is called from FTPFLD to provide initial estimates for the
overpressure field parameters. Of the five parameters in Equation 6.3, the

V initial estimates of A2 and B2 are zero. The estimates A, B and C of A, B1

and C are computed by the following algorithm.

The constraint corresponding to Equations 6.1 through 6.3 can be
expressed for A =B = 0 by

[pCrC l t-ts (t-t)2 ,i2 2.

ln - A n B n 0.

Si
PsC/r ""

I= 44

W,



Let Coe an approxLiation to C. Then the above equation can be lin ,zrizco in
terms of a correction epsilon F of C with the result

1 n
C (p - p)/r

In d-Cr s
nj n

P-C/r (p-E/r )(p -drJ S

t-t (t-t
-A - B 0*

n A nB
r r

vve use this equation as a constraint equation with the first term as
"observation." W define for each observed point

In n
- C - C

1s 1/ Si 1

n

w= (y -/ (P. - /. -

i s1
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Lne nornal (coultiDns tor tnis ProDlem are

AE wic i
2 + BZwci ii + EZwiiYi = swiiy i

v.'n subroutine FLOGE5 solves tnese- normal equations anc iterates four times,
rt-lcang C by C + F aftcr eacn itcration. The initial aperoxirnation ; is
furnisnci by tnc calling proqrzin. In order to avoid unreasonable C + c cue to
j. oou initial guess tne following restrictions are applied to the2 correctea
values ot each iteration:

<C+ C< - .

-U. rii max- (Pii )min -. UUlpiri max.

FLL'iLR (Appcndix C)

,,is is an intcroolation routine. It is callea by the subroutine FLjFLD
to interpolate vctw-cn two given particle pzths ana calculatc at a soccifieOU2

point in tne r,t-plane tne vector of flow variables (P,u, P, u P/2) ana the
corresponuing variance-covariance matrix. The interolation is done in two
steps. First, alonq each particle oath the noint with the prescribed time is

* determined by linear interpolation. Then a linear interoolation is done ce_-
tween these two nodes in tne r-direction. Error returns are prngrarned for
cases wnicn would require extrapolation.

F'UJFLD (ApRencix C)

inis subroutine is called from tne main proqram for blast field nistory
calculations and it is the most inmortant subroutine of that program. A
flowcriart of FL^)FLD is shown in Fiqure 1I. The programn computes tne history
at a given location (given distance r) and calls other subroutines to print
tn results and to corputc te test velocity accordinq to Fiqure 1. In order
to calculate tne iistory, FLuFLD computes a series of particle oath lines (bv
calling ST' hLG ana :i'RLI;4). When two lines are comoutea and storec, FLOFLD
calls FLILiEt to calculate tnc flow variaoles at specific-d r,t-noues by inter- %
olation oetween the two patn lines. It tnis requircs an extrapolation,

FLiAVER returns witr. a corresponding error inuicator. FIJFLD then calculates
a ncw particle path, st,.rting at a Droer initial point, discarus one of the
prcvious path lines and calls F[INi'ER again. After all r(euired notes of the
nistory nave ocen comout'd, tne uroqrem calls PRI:IS to print the results,
UI'LST to coput( te.st velocities ana PVIPSr to print the test velocities.

.ASHCK (Appenix A)

inis is tn(c constraint routine, Equation 5.-s, for tne shock fitting. The
carticular form of the constraint function and its derivatives are given in
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Reference 1, pages 21-23. The program is called from the least squares
subroutine COLSMU. It contains some logic to handle observations with missing
time or pressure values. Information about missing data is passed to FMSHCK
through the C(MIMON/CMISFM/. The routine uses SHOCK3 and F2SHCK to compute th(
two components of the constraint function.

FTPELD (Appendix B)

This subroutine is called from the main program for overpressure field
fitting. It takes the raw input data from COMMON/COMPR/, stores the data in
arrays according to the requirements of the COLSAC routine, calls FLDGES to
obtain initial approximations for the overpressure field parameters, and calls
the least squares routine COLSAC to compute their final values. The adjust-
ment results are printed by calling the subroutine PRTFLD and plotted by call-
ing the subroutine PLTFLD. Normally there are three successive calls to
COLSAC: for adjusting pressure; pressure and time; and pressure, time and
distance, respectively. Other calls are programmed to handle cases with algo-
rithmic troubles in COLSAC. Such problems can arise if the initial approxima-
tions of the parameters are bad and/or large residuals are present.

F2DER (Appendices A,B, and C)

The calculation of the shock arrival time by Equation 4.2, and its
derivatives requires the numerical evaluation of nine integrals (see Reference
1, pages 22-23). These integrals are calculated simultaneously by a special
Romberg routine (ROMULT). The subroutine F2DER computes the nine components
of the integrand, and it is called from ROMULT, which is activated by F2SHCK. "

F2SHCK (Appendices A,B, and C)

This subroutine represents the second component of the constraint for
shock fitting, Equation 5.2. The constraint is formulated in the form

f = (t -d) c + (d-t.-c t) co = 0,
2 5 0 1 ti 0

where t. + c is the corrected time observation and ts-d is the integral in

Equation (5.2). The formal derivatives of this function are listed in Refer-
ence 1, pages 22-23. The subroutine computes the function f2 and its first

and second order derivatives. In programs other than the shock fitting
program, F2SHCK is used to compute the shock arrival time for a given
distance, and the corresponding derivatives.

GRAPH (Appendix C)

This is an auxiliary routine for the plotting routine PLFFLD. It estab-
lishes scales and plots those parts of the legend that are common to all
plots.

GUESS (Appendix B)

This routine provides initial estimates of the overpressure history
function parameters for individual history fitting. It is called from the
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suoroutinc FII'Ph (see Figure 6). The initial estimates -re obtained by

soiving z linearized vcrsion of the nonlinear problem aefined Dy Equation 6.4.

nE linvariz-.tion is none oy expressing the constraint in the form

in(u-C) - - C) T + BT-

wncrc = - t-, ana linearizing this expression with respect to a correction -

of the approximation C:

P- -,PS-(Ps -)p-2C"-L"

S 2

in p -C c + AT + BT .-

P s- (P s -C ) (P-0)

This expression is linear with respect to E, A and B. We use it in a least
squares alqorithm as follows. First, we define for each observed pi, t. the
quantitics

P• "

P. - C 1]

P - Pi

(i - (Ps - 2)  (P i - C ) -

p-) (p - ii,-

T. =t. - t "["

1 1 S

A2

and formulate an objective function by

S

2 2
W (Y y i ATi Br w.

1 1 1 1-
1=1
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If one considers the yi as observations, then the normal equations for this
problem are

A-w r 2  + B wiT + ZW.Y T WYTip

EWiT 3i + 2iW.T V : wiyiT = wYiTi,

i~ . + ZwiYwiT 2 j wiYiy2

The subroutine solves this system of equations (calling MTRINDB), replaces
by C + c and iterates four times. For this iteration the initial values are
A = U, B = U, ana C = min (0, pi - U.u5 ps). In order to avoid unreasonable

values of C + c , the following restrictions are applied after each iteration

-U.5 P < S + C < Pimin - 0.05 Ps"

6ecause tne signs of the parameters C and of the parameter C in Equation 6.4
(usea in tne subroutine EXPON) are reversed, the negative value of C is co, viu-
nicated as parameter C to the calling routine.

WGSC (Appendix A)

This is an auxiliary routine for the plotting of shock fitting results.
lbe routine establishes proper plotting scales for logarithmic plotting.

UDA1'D,LUEL.vD (Appendix B)

These are modified IASL routines for the solution of linear equations.
They are part of the least squares package COLSAC and are included here
because the use of the LEVEL2 memory option makes a special version of the
routines necessary.

MTRINDB (Appendix B)

-ibis is a matrix inversion routine. It belongs to the least squares
package COLSAC and is included here because the use of the LEVEL2 option makes
a special version of this routine necessary.

PFIELJ) (Appendices B and C)

This subroutine represents the overpressure field model function defined
by Equations 6.1 through 6.3. It has two entries. If entry PFIELD is used
tnen tne function

f (pr3 - C)e + C - p

is computed including its first ano second order derivatives witn respect to

49



2
t, ,, tne tiv 3 rr surc field parameters A, A2' B] 1 B2 and C1, and the

four s ioc < r& cLt-cr: , o, c ana j. If tne entry PFILLDC is used, tnen the
ccrivativ( s ft r:ct to the snack parameters are not computed. The latter
entry is uz:-u _s a constr-int routine for the overpressure field fitting. 'lThe
entty Pi4IL; i.; wnc- tor ne comcutation of the_ overpressure fielo witr. cor-
rtsponuin ; ,ccur[c cjstin.utcs. Formnulas for tne Jerivatives of f arc given in
hKefrenc_ 1., Suction u. nh hierarchy of the routine is shown in Figure 6.

,:,.L, LX (AppE ri-ix '3)-..

lnis is Ln zuxiliary routine that permits one to make an overpressure
fielo fitting with tne iuel function of Lquations 6.1 tnrougn 6.3, simplified
uy A2 = u ani t, = U. It is useo as a least squares constraint routine Dy

F'IPFLD if fitting with tne full constraint function PFIELD (entry PFIEJC) is
not possible OEcJuse of algorithmic difficulties.

PI'YISH (Acpenuix A)

This is tne plotting routine to plot shock distance as a function of time
with corresponaing confiuence limits. Tho plot also contains the shock
distance and arrival time observations.

PLFFLD (Appnjix C)

rnis is the plotting routine for the flow field history computation
program. It generates five history plots: overpressure, particle velocity,
density, oynamic pressure, temperature, and dynamic pressure computed from the
test velocity. All plots except for the last one include confidence limits
and tne velocity clot also contains the history of the test velocity.

PLPU5H (Appendix A)

This is the plotting routine to plot snock overpressure versus distance
witn corrcsponuingj confidoncc limits and observations.

PL~i'SA (Appendix A)

Plotting routine to plot snock overpressure versus shock arrival time
with corresponding confidence limits and observations.

PLTFLD (Apcndix 3)

This routine is callco from FTPFLD after adjustment of the overpressure . "
field to plot at the observation sites the observed overpressures ano the
adjusteo overpressure histories. The clots provide a visual check of the
acustment results and a comparison with the individual pressure history ad-
justnent clots oy PLP3'4.

PL'ILC (AuEpcnuix [3)

mis routinc is called from the main proqram for overpressure field
fitting after completed calculations. The routine plots in the r,t-plane the

so
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snOCK trajectory, the locations of the observed histories and five particle

path lines.

PLTPAR (Appenaix B)

'Inis suoroutine plots in a log,loj-scale the absolute values of the
overpressure history parameters A, B anj C (see Equation 6.4, Section b.3)
versus the distances of the histories. The plot provides a visual check for
anomalies of individual histories and for the validity of the assumed
dependence of the parameters on a power of the distance.

PLTPN-i- (ppnoix B)

This routine plots the overpressure history observations and the
corresponding individual history fitting results (first fitting step, Section
b.3). It is called from the main program for overpressure field fitting after
the fitting ot each individual history.

PRIHIS (Appendix C)

This routine is called from the subroutine FWOFLD (see Figure 11) after
completed calculation of a flow field history. It prints a history table

2
containing t, p, u, p, u P/2 and corresponding estimates of standard errors.

PRI'PAR (Appenaix B)

This routine is calleu from the main program for overpressure field
fitting after the aajustment of all individual histories (see Section 6.3,
first adjustment step). It prints two lists of the parameters A, 3 and C with

their standard errors for all histories, one in the scales used for the
computation and the other in base SI units. The subroutine also computes the
exponents nA, nB and nC for the overpressure field function and initial

estimates of the field function parameters A1 , B1 and C I. (These estLmates

are improveo uy FLDGES Oefore the actual field fitting is started, see Figures
5 anu 7.) Tne computation of the exponents is oone as follows:

Let Di be a parameter determined at the distance ri. We determine a

function Drn by minimizing the objective function

W(in in 1)1 - n In r,.Y D 2

The normal equations tor this problem are

in D 2
i + n D2  

1 r i = ED 2 . In

In IJ'i ED I n r. + n E, 2  (In r.) -r In Di 1 1. ) . j i .
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The solution of this system provides the exponent n and D = D sgnDl, where

D is the parameter corresponding to the smallest distance ri. The exponents

nA, nB, and nc are rounded to one decimal and the D(C) is used as an initial

estimate of the parameter C1 by FLDGES.

PRITST (Appendix C)

This routine prints results of the computation of the test velocity (see
Figures 1, 10 and 11) by Equation 2.12. It also calculates and prints the

dynamic pressure u2 P/2, computed using for u the test velocity instead of the
original particle velocity. The subroutine is called from FLOFLD after the
completion of calculations of the histories and after calling UITEST to compute
the test velocities.

PRSHAD (Appendix A)

This routine prints shock observations, their standard errors and the
corresponding adjusted values of the observations. It is called from the main
program for shock fitting after each adjustment (see Figure 2).

PRTFLD (Appendix B)

This routine prints all overpressure field observations, their standard
errors and their least squares residuals. It is called from FTPFLD after
completing the overpressure field adjustment (see Figure 7). Observations
belonging to different histories are printed in different tables.

PRTPNTS (Appendix B)

This routine prints the overpressure fitting results for individual
history adjustments. It is called from FITPR (see Figure 6) after the least
squares adjustment of data from one history.

QFUNCT (Appendices B and C)

This routine computes the exponent Q in the overpressure field function,
Equations 4.3, 4.4 or 6.1, and all first and second order derivatives of Q.
It is called from the subroutine PFIEU) which computes the overpressure field
(see Figure 8).

READAM (Appendices A,B and C)

This routine reads the data cards containing ambient conditions and
general data (first batch of cards), and prints their contents in a
comprehensive format. It is called by the main programs of all three
programs.

READFP (Appendix C)

This routine reads the overpressure field fitting results (field
parameters and their accuracies) in the form of seven cards (see Section 7.2).
It is called by the main program for history calculations (see Figure 10).
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REAOPIH (Appendix B)

This routine is part of the overpressure field fitting orogrm (sec
Fi.ure 5). It is calileo from the main program ano it reads all pressure

dhistory ata from cards described in Section b.2.

-EA-DSH (Appendix A)

inis routine reads shock data from SHOCK and R{ANGE cards, see Section 5.2
"_nj Figure 2. The routine is called from the main program for shock fitting.
ine input is printed out by this routine in a simple list.

REALDSP (Appendices B and C)

This routine reads tne cards with the results from snock fitting (snock
parameters, their error estimates, etc.). The input is described in Section
u.2. ine routine is called from tne main programs for overpressure ficlc
ILtting and history calculations. After reading ana checking the data for
coupleteness, READSP prints the input oata in a comprehensive format.

Ra1BIN (Appendices B and C)

'This is a Romberg integration routine. It is used by the routine S90XCK2
to comnpute the snock arrival time at a given distance according to Equation
4.2. The arguments of ROMBIN have the following meaning.

F = name of the subroutine that computes the integrano.

A,B = integration limits

FINT = integral value

NBAD = error indicator, set eaual to zero if the integral has been
computed, and equal to a non-zero value if the integral cannot
be computed.

.ien repeated subdivision of the integration interval is limited to 2u steps
ana tne convergence test is on the changes in the latest row of extrapolated

values. If at least one relative change of less that lu-lu is oetectcl, then
the hignest order extrapolated term is taken as tne final result.

U4MBIN2 (Apoenuix C)

Tnis routine is the same as RWMBIN. It is used by UTEST to compute the
integral given in Equation 2.12. Because the integrand contains the function
tS(r) which is calculated using RYA)BIN, a second copy of the qeneral

intcgration routine was neeued.

jiOMULT (APendices A,B, and C)

A Pomberg integration routine for a vector function with nine components.
it is usco by the routines SHCK, S[]C;<2 e-nd Fi2SHCK to compute thp shoc
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0

arrival t i:l2 t: i t- ucrim,-tives with respect to all arguments. (See Refer-
ence I, :a5 kz-aj.) ?h& inteirations are done simuitaneously for all caipo-
nents of tne inteJrznu. iteration ena is tested on the last corrections of

-104
alh coonnts. it cll relative corrections are smaller than 1 - I , then the
iteration storS. r i ru.r~cnts ot R,10LT are the siaie as those of RO'MIBIN.

SCALei (Appenxiix 5)

1:iis Loutlinci 13il firo-T the main program tar overpressure field
fitting (see 'ig-urc D). It takes from tne CCi9K)N/COMPi / data belonging to one
pressure history (s*ncified by NRCASP-) and arranges the data in the format
requirc-C oy tn,. >eat squvres program COLSAC.

SC~dLSH_(Apc raix Aj)

ibiEis routine is caliec from the main program for shock fitting. (See
Fv~urc 2.) It takes tne raw shock data fron COMMON/CO(63iDT/anu arranges them
in arrays coxioatlle wiuh the least squares program COLS.MU. It also expresses
the cata in scales spe cifiea in the argument list of the subroutine. Some
special loqic is uscu] to handle observations with missing oata. Information
aimnut such jata is communicated to the constraint routine FMSHCK through the

't!K ('\pn:iccs 3 anG C)

This subroutine comcutes for a given distance from the center of explo-
sion the corresponding shock overpressure, arrival time, shock velocity, part-

icle velocity anu density. The formulas that are used for the computation are
giver in Section 4 of iference 1. i'he routine is called from the main pro-
gram fcr prcssurc fifla fitting in order to establish the initizl point of a
nistory, anw tlso from tne subroutines SCALPR, PLTLOC and UTCST.

StttK2 (ApPEraicef; 3 and C)

Tniz routine: computes for a given distance r from the explosion center

the corresponainj shocK arrival time t ano overpressure ps, and the first and
5 s

second oraer derivatives of t ano p with respect to r. The corresponding
5 -

tor.;iulas are liven in Section 4 of Reference 1. 'he routine is called from
the subroutine QiJSCi.

This is the constraint routine for a shock overpressurc model with three
uaramc trs, it cojsc,'tes the function

03 . 2.
I = r)r - -. r - ar-c

ann its iter v tl' usej by FHMS1HCK to calculate the first component of
the constraint function -,iven by Equation 5.3.
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SHODER (Appendices B and C)

This routine computes for a given distance r from the center of the
explosion the shock arrival time ts , the shock overpressure ps, and all first

and second derivatives of ts and Ps with respect to r and the shock

parameters. The routine uses the subroutine F2SHCK to compute t and its5

derivatives. It is called from the subroutine QFUNCT.

SHTINT (Appendices B and C)

This is the integrand in the integral given in Equation 4.2 for the
calculation of the shock arrival time.

STRBEG (Appendices B and C)

This routine computes the initial values for the differential equation
systems given in Equations 3.1 and 3.4 and the derivatives dts/aO and dUs/88
at the shock. (us is the particle acceleration at the shock, aus* 1 is the

initial value of the right hand side of the second Equation 3.4.) It also
calculates an expression DPIN, which is part of the right hand side of the
second Equation 3.4. The routine is called from PLOTLOC and FLOFLD to initiate
the numerical integration of Equations 3.1 and 3.4. The calling program
provides the shock distance r = SOLIN(3) and STRBEG uses the following
formulas to calculate the other variables. (The formulas are derived in
Reference 1.):

The shock overpressure is computed by Equation 5.1:

SOLIN(2) =ps =a/r + b/r2 + c/r

The shock parameters a, b, c are taken from CCMMON/CCIMSMK/. Let Po be the

ambient pressure, Po be the ambient density, -r be the ratio of specific heats,

c be the sound speed,0

r= (y + 1)/(2Ypo),
0

and

r= (-- l)/(2yp).

Then the shock velocity is

U =c o  + r 1 ps) 1/2

The density behind the shock is

SOLIN(5) =P = ( + Ps  /( + r2Ps 0 (1 2~p ) S
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and the particle velocity behind the shock is

SOLIN (4) us Ps U5 O

The shock arrival time SOLIN(l) t sis comnputed by calling the subrou-

tine F2SHCK which evaluates the integral Equation 4.2. The acceleration ii is
given by

UP'r = u= T
S S

The derivatives with respect to the model parameters 0 are calculated as
follows

-TPR4 = t /30 provided by F2SHCK
S

XPP = ;r/H8 0

UPP = u/3
s

Us u 1p - .5r,/(I + r1ps)] Pp o
S

2 ls2 1I

-ROFACT 3. ~POi
S

2

UPT P /3 u - ip +
S s P ser. + ap/ar araOj

The derivatives of p5 with respect to r and P are easily comiputed. The

above mentioned expression DPIN is defined by

DPIN= P /P -Y as/3
so s (p0 + Y S

S6



STRLIN (Apendices B and C)

This routine carries out the numerical integration of the differential
equation systems given in Equations 3.1 and 3.4. Initial values for the
integrals are provided by the calling program which also specifies a time

* increment DT for which the results are needed and an end time for the
integration. The actual integration increment is DTS = 0.2 Dr, but results
are stored at DT-increments. The numerical integration is done using a two
level fourth order scheme for Equation 3.1 and a two level third order scheme
for Equation 3.4. The schemes are described in Reference 1, Section 3. The

2
important results of the integration are the flow variables (t,p,r,u, p ,pu /2)
which are stored as a six component vector in SLINA, and the corresponding
variance covariance matrices at each computed node. These 6x6-matrices are
stored in VSLINA. The values of ar/ae and au/a0, that is, the solution of
Equation 3.4, are only needed to calculate the variance-covariance matrices.
They are stored internally only at two current integration levels in the

arrays XP and UP, together with the other quantities (u, u, u and u8 in U, UT,

UTT and UTP) that are needed for the integration. The subroutine STRLIN is
called from PLTLOC and FLOFLD (See Figure 11).

UTEST (Appendix C)

This routine computes test velocities by evaluating the integral given in
Fquation 2.12 (see also Figure 1). It is called from FLOFLD (Figure 11) to
evaluate the integral at specified ts-values. The corresponding shock points

provide the additive term in Equation 2.12 and are obtained by calling the
subroutine SHOCK. Because SHOCK computes shock values for given r, but t is

specified, the proper r-value is found by a regula falsi iteration. The
evaluation of the integral is done by calling the subroutine ROMBIN2.

UTINT (Appendix C)

This is the integrand in Equation 2.12. The routine is used by UTEST as
argument when calling the ROMBIN2 quadrature to evaluate the integral.
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I PROGRAM SHOKFIT( INPUTP OUTPUT*,TAPE6uOUTPUT, TAPC 13)
C
C MAIN PROGRAM FOR SHOCK FITTING
C

5 DIMENSION X(5,5O).,R(5,5,5O~,ALABEL(2,50),LSTX(50)PPARS(10),
ANXNK(250),XC550),C(5,50),LSTN(50)PVPARS(10,10),ERPARS(I0),
BPARSD(1O) ,VPARSD(10,10).TITLE(3)

C THESE DIMENSIONS ALLOW TO TREAT UP TO 50 SHOCK OBSERVATIONS
C CORRESPONDING LIMITS ARE IMPLIED BY ARRAYS IN SUBROUTINE REO&DSH

10 C
25 CALL READAM (SCD!SPSCPRESCTIMTZTLEvNBAD)
C READ AMBIENT DATA

IF(NBAD.NE oIlSTOP
C

15 CALL READSH (NRSHOKTITLE)
C READ ALL SHOCK OBSERVATIONS

IF(NRSHOKaLE.0)STOP

be CALL SCALSH (SCDIS.,SCPREpSCTIMXRALABELLSTXNXNKNRSHOKNSDI
20 IF(NBD.NE.OIGOTO 25

C THIS STORED SCALED OBSERVATIONS IN LSQ ARRAYS X THROUGH NRSHOK
C

PARS(1)wl. S PARS(2)ol. S PARS(3)nl. S PARSI4laO.
C INITIAL VALUES OF SHOCK FITTING PARAMETERS

25 C
DO 65 KA a 194

C MAKE 4 ADJUSTMENTS: PRESSURE# PRESSURE4DISTANCE,
C PRESSURE4DISTANCE4TIMEP PRESSURE*TIME
C

30 CALL FITSH(SCDIS.,SCPREPSCT IMPKA, KR, ALABEL, LSTXNXNKNRSHOK, PARSP
1 NPXCCLSTNNRGDERZSVPARSERPARSNBADI

C NEXT PRINT ADJUSTED OBSERVATIONS
CALL PRSH AD (SCDI StSCPREv SCTIMP KA XC PC,*RpLS TNPALA BEL# NRSHOKP

35 A TITLE)
C

tF(NBAD.NE.0)GOTO 25
C
C NEXT COMPUTE DIMENSIONAL VALUES PARSO OF THE PARAMETERS

40 CALL DIMP ARS (KA, SCDIS, SCPREP SC TIMPPARS, NPPVPARS, ERZS, PARS D9VPAR SOP
A TITLE)

C
SCDI a 1. S SCPR a 1. S SCTI a 1.

C THESE SCALES CORRESPOND TO PARSO AND VPARSD
45 C THEY WILL CAUSE PLOTTING IN SI BASE UNITS

ERFACTw3.
C ERROR FACTOR FOR PLOTTING OF CONFIDENCE LIMITS
C

CALL PLPDSH(KASCDISCPRSCTIPNRSHOK, PARSDNPVPARSD,
50 AERZSERFACT)

C PLOT PRESSURE OVER DISTANCE
CALL PLPT SH(KAP SCDIvSCPR SC TIPNRSHOKP PARSDP NPPVPARSDP
AERZSERFACT)

C PLOT PRESSURE OVER TIME
55 CALL PLDTSH(KASCDISCPRSCTINRSHOKPARSDNPVPARSD,

AERZS, ERFACT)
C PLOT DISTANCE OVER TIME

61



65 CONTINUE

* 60 GOTO 25
END
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SUBROUTINE READAM(SCDISTSCPRESSCTIMETITLENBAO)
C THIS ROUTINE READS TITLE, PLOTLABEL AND DATA CARDS DESCRIBING

C AMBIENT CONDITIONS AND THE CHARGE
C FIRST TWO CARDS ARE MANDATORY AND ALPHANUMERIC (TITLE AND PLOTLABEL)

5 C THE REST OF THE CARDS HAVE THE FORMAT (2Al0,6E10*3)
C CHARGE CARD IS MANDATORY
C IF AMBIENT DATA ARE NOT PROVIDED THEN STANDARD AIR WILL BE ASSUMED
C
C SEQUENCE OF MANDATORY INPUT CARDS

10C PLTLE CARD (ALPHANUMERIC)
S0C TIOTLE CARD (ALPHANUMERIC)

C CHARGE CARD - VOLUME, ENERGY, NIGHT, ERROR OF HIGHT
C
C THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUENCE

15 C AMBIENT a PTEMPERATURE, GAMMA, MOLAR MASS
C DEFAULT VALUES CORRESPOND TO A STANDARD AIR
C SCALES a SCALES OF RPpT TO BE USED IN COMPUTATIONS
C DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110
C PLOTTING DATA - ERROR FACTORS FOR THE PLOTTING OF CONFIDENCE

20C LIMITS IN HISTORY PLOTS
C DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS
C
C END OF INPUT IS INDICATED BY A BLANK CARD
C

?5 DIMENSION TITLE(3)
DIMENSION f(8)PAMSTAR(41
COMMONIAMBCHAIAIRPRAIRTEM, AIRGAMAIRMOLCHARVOCHAREN,

ACHARHIPCHARHER
COMMONIPLOTfPD(6fvPLABL(41

30 DATA(TITL =lOHTITLE It (PLABu1OHPLOTLABEL
DATA (BLANK=10OH )#(AMB-1OHAMBLENT I

WON DATA (CHA=1OHCHARGE

DATA(PLT=1OHPLOTTING DIPCSCAL-1OHSCALES RPP
15 FORMAT(lHl,1OXZOHINPUT READ BY READAM,/,1H P1OXp20(1H-),/1

35 25 FORMAT(BA101
26 FORMAT(1H ,10XBA1O)

35 FORMAT(2A10,6E10.3)
36 FORMAT(1H ,1O0Xv2Al0v6(2X,1PE1O.31)

to PO(1)u2.0
C DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES

PD(2) -2.0
C DEFAULT VALUE FOR PLOTTING FIELD HISTORIES (PVPRHOV**2*RHD/2.)

AIRPR-1O1325.0 % AIRTEM*293.0 S AIRGAM*1.4
t5 AIRMOLsO.02896 S AIRDENsI AIRMOL/8.3143)*( AIRPRIAIRTEMI

0 C THESE ARE STANDARD AIR DEFAULT VALUES FOR AMBIENT CONDITIONS
C

NSCALO0 S NAMSTARwO
NAMB-0 S NCHA*O

jo DO 37 Jmljs4
3? AMSTAR(J)1H

PRINT 15
DO 46 KK1,v2

P READ 25,(D(J),Ju1,8)
55 PRINT 26v(D(J)pJ1,B8)

IF(0(1).EQ.TITL )GOTO 4#2
IF(0(1)*EQ.PLAB) GOTO 41t
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PRINT 48 S NBAD-1 S RETURN
C

60 42 DO 43 KAu1,3
43 T ITLE (K A$ =DfKA.1)iGOTO 46
44 DO 45 KA-1,4
45 PLABL(KA~aD(KA*1)

65 46 CONTINUE
C

47 READ 35v(D(JlJmlp8)
PRINT 36v (D(J iJu1,S)IIF(0(11.EQ.AMB)GOTO 55

70 IF(D(l).EQeCHA)GOTO 65
IF(D(l).EQ.PLTO GOTO 66
IF(D(1).EQ.SCAL) GOTO 68
IF(D(t).EQ.BLANK) GOTO 69

475 PRINT 48 S NBAD-2 S RETURN
75 48 FORMAT(1HO,1OXL3HINVALID INPUT)

55 IF(MAMB*EQ.1)GOTO 475
C ONLY ONE AMBIENT DATA CARD WILL BE CONSIDERED

NAMBz1
so IF(D(3)*GT*O*)AIRPR-D(3) S IF(D(4).GT.0.lAIRTE~MD(4l

IFD5*TO)IG~D5 S IF(D(61 .GT.O.)AIRMOLuDI6)
C IF INPUT IS ZERO THEN USE AIR DEFAULT VALUES

00 57 KAuI,4 S AMSTAR(KAlslH
IF(D(KA+Z3.GT.0.) GOTO 57

35 AMSTAR(KA)inlH* S NAMSTAR-l
57 CONTINUE

At. DEN-(AIRMOLI8.3143)*(AIRPRIAIRTEM)
GOTO 47

C
?o 65 IF(NCHA.EQ.1)GOTO 475

CHARVO-D(3) S CHAREN-D(41
CHARHIuDIS) S CHARHER=0(6)
N CHA-1
GOTO 47

)5 C
66 DO 67 KAI,6
67 PD(KA)uD(KA.2)

GOTO 47
C PLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT

)o C PD(l)- ERROR FACTOR FOR PRESSURE HISTORIES
C PO(2)- ERROR FACTOR FOR OTHEF FLOW HISTORIES
C
68 NSCALu1

SCDwO(3l S SCP*D(4) S SCTsD(5)
)5 C SCALE CARD OVERRIDES SCALES COMPUTED FROM AMBIENT AND CHARGE DATA

IF(SCD.GT.D..AND.SCP.GT.0..AND.SCT.GT.0.) GOTO 47
NSCALm0 S PRINT 661

681 FORMATILH ,1OX,36HNON-POSITIVE SCALES ARE NOT ACCEPTED)
GOTO 47

to C
69 IF(NCHA.EQ.0.ORoNAMB.EQ.0) PRINT 70
70 FORMAT(1HOo1OXP16HINCOMPLETE INPUT)

75 PRINT1O0, (TITLE(J)vJ.1,3)
106 FORMAT(1H1,IIH ,IOK,5HEVENT#/v1H vIOXv 5(lH-lv/,1HOv15X,3A1OI//
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15 PRINT 107
107 FORMAT(1H0,10X,18IS AMBIENT CONDITIt3NS,9/IH ~ 't1-

IF(NAMB.EQ.0) PRINT 1071
1071 FORMAT(IHoP1oXN3bwrHE FOLLOWING AMBIENT CONDITtONS ARf.,

A 1,191 PIOX#27HSTANDARD AIR DEFAULT VALUESPI)
o PRINT 108,AMSTAR(I),AIRPRAMSTAR(2),AIRTEM, AMSTARI3),Alp<Atl,

A AMSTAR(4),AIRMO.
108 FORMAT(IH *13XAl,1X,8HPRESSURE,11XTHAIRPHS,1PE12.5t4H PA,/,

A 1H DI13 XAL,1X,11HTEMPERATtJRE,8X,7HAIRTEMU,1lPE12.5,3H Kpip
B 1H o,13XAl,1X16e.SPEC. HEAT RATIG,3X,7I4AIRGAMjU,1PE12.5v/,

: 5 C 1H ,13XA1,1Xv1OHMOLAR MASSv9X,7HAIRMOL-p1PE12.5,9H KGfMOLEII
AIRSND.SQRT( AIRGAM*AIRPRIA[RDEN)

* PRINT 109,A!RSNDAIRDEN
U109 FORMAT(H j,15X,11HSOUND SPEED, BX,7HAIRSNDU, 1PE12o5v 5H MfSp/I,

A 1H ,15X,7HDENSITY,12X,7HAIRDEN0u1PE12.5,gH KGIM**3,fl
30 IF(NAMSTAR.EQ.11 PRINT 1081

1081 FORMATUiN ,13Xo35H* THE STARRED DATA ARE STANDARD AIR,
A 15H DEFAULT VALUESPIi

IFINCHA.EQ*11 GOTO 1100
b NBADm4 S PRINT 1101,NBAD S RETURN

1101 FORIIAT(1H0,10X#29HRETURN FROM READAM WITH NBADmp12,
A 33H, BECAUSE CHARGE DATA ARE MISSING)

C
1100 PRINT 110

110 FORMAT(1H0,1OXP18HCHARGE DESCRIPTION9/,1H 910X*18(1H-),P/)
PRINT 111, CHARVOCHAREN

111 FORMAT(1H P15XP13HCHARGE VOLUMEv6X,7HCHARVOU,1PE12.5,6H M**3,fi,
A 1H ,15X913HCHARGE ENERGY,6X,7HCHARENU,1PE12.5,3H Jpi)
SCDI STaCHARVC**( 1.13.)
PRINT 1110,CHARHICHARHER

1110 FURMAT(IH j,15X,16HCHA&GE ELEVATIlt4,3X,7HCHARHIu,1PE12.5,4H *
A lPE12*5,3H Mp/,)
SCTIME-SCDIST/AIRSNO
SCPRES*AIRPR
SCEVEN-CHARENI(CHARVO*AIRPR)
PRINT 112

112 FORMAT(1H0,loXv7HSCALING,l,1H ,1OX97(1H-1,I)
PRINT 113, SCDIST,SCTI MESCPRES,SC EVEN

113 FORMAT(1i j,15XP12HLENGTH SCALE94X,2OHSCDISTSCHARVO**(1/3),
*A 2X,1Huv1PE12*5,3H Molt,

B 1H *15XP1OHTIMIE SCALED6X,ZOHSCTIMEUSCDIST/AIRSND,
C 2X,*1H-p1PE12.5,3 Sp,
D 1H P15X,14HPRESSURE SCALEp2X,13HSCPRES-AIRPR 9
E 9Xv1Hu,1PE12.5,4H PA,I,
F 1H ,15X,14HSCALE OF EVENT,2X,21HCHAREN1IC"ARVO*AIRPR),

* IF(SCEVEN.EQ.O*0)PRINT 114
114 FORMAT(IH ,15X,3OHEVENT CANNOT BE SCALED BECAUSE,

A?9H CHAREN IS NOT GIVEN BY INPUT#/)

IF(NSCAL.EQe0) GOTO 115
C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ

SCDISTmSCD S SCPRESaSCP S SCTIME=SCT

115 PRINT 116#SCOISTiSCTIpjEPSCPRES
116 FORMAT(I ,lt//,1H ,l0X,27HSCALES USED IN THIS PROGRAM,',

b5



A 114 P1OXPZfIIH-)PIIlH ,20X,16I4LENGTH SCALE 2, IPE 12. 5p3H4P11
B 114 ,20XP16HTIME SCALE =,lPE12*5v3H So/o
C 114 P20XP16HPRESSURE SCALE wPIPEl2*5p44 PA)

L75 NBADmO
j RETURN

E ND
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1 SUBROUTINE READSH(NRSHTIT)
C THIS READS SHOCK DATA
C
C ALL CARDS HAVE THE FORMAT (2Al0,6(ElO.31lj5 C SHOCK C ARD CONTAINS LABEL, TIME, ERROR OF T, PRESSURE,. ERROR :C v
C RANGE CARD CONTAINS LABEL, X, ERROR OF X, HIGHT, ERROR Of
C THE SEQUENCE OF THE INPUT CARDS IS ARBITRARY
C
C END OF INPUT IS INDICATED BY A BLANK CARD

10 C
COMMONCOMSHOTTPXH(4, 50) ,ERTPXH(4, 50), TITLE( 3)PALAB( 2, 50

C TPXH OF SHOCK OBSERVATIONS. CORRESPONDING ERRRORS
DIMENSION TITI3),D(6)
DATA( NMAX-50)

15 C MAXIMUM NUMBER OF SHOCK DATA THAT CAN BE STORED
C

DATA (RANGEalOHRANGE )v(SHOCK.1OHSHOCK I
AP(SLA.4K=1OH

6 20 DO 10 J10,

10 TITLE(J)uTIT(J)
NRSHuO
00 12 Jzl,50 S ALAB(1,J)=BLANK
DO, 11 K=1*4 S ERTPXH(KJ)u0.

25 11 TPXH(KJI-O.
* 12 ALA8(2,JI=8LA4K

15 FORMAT(2A10v6(EI.3))
lb FORMAT(LH ,5XZAlOp6(2Xv1PE12.5)l

PRINT 18
30 18 r-'RMAT(1H101X#20HINPUT READ BY REAOSHP//)

27 C ONT INUE
READI,(DII )sJu1,6)
PRIN'T 16v,()JlpJml,6l
IF(D(1I.rFQ.BLANK) GOTO 75

35 IF(D42l.EJ.RANGE) GOTO 35
IF(D(2l.EQ.SHOCK) GOTO 55
PRINT 28
S TOP

28 FORMAT(lH PIOX,13HINVALID INPUT)
40 c

35 0O 37 KA-lNMAX
IF(KA.GT.NRSHJ GOTO 40

% IF(D(11*EQ.ALAB(1,KAI) GOTO 42
37 CONTINUE

45 GOTO 85
40 NRSH-NRSN'~1 S KA*NRSH

* ALABI 1,KA)-D(1j S ALABI 2pKA)wTIT(l)
42 TPXI4(3,KA)-D(3) S ERTPXH(3,KA)uD(4)

TPXH( 4,KA IsD(5) S ERTPXH(4,KA)aO(6)
50 GOTO 27

C
55 DO 57 KAmlpNMAX

IF(KA.GT.NRSH) GOTO 60
* .IF(DfI).EQ.ALAB(lvKA)) GOTO 62

55 57 CONTINUE
GOTO 85

60 NRSH*NRSH.1 S KAmNRSH
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ALAB(IPKAI-D( 1) S ALAb( 2KAlxTIT( 13
62 TPXH(1,KA3OD(3) S ERTPO-lrlKA)z0(4)

J T P X HP ( 2,KA ) aD (5 S L R TPX H (2K AI D 6)
GOTO 27

C
75 IF(NRSH.LF.O) STOP
85 DO 105 KA~loNRSH

65 IF(MOD(KA,45).NE.1) GOTO 101
PRINT 95P(TIT(J)gJ=1,3)

95 FORMAT(lHl,1OXP22HSHOCK DATA FROM EVENT ,?3Al , i)
PRINT 98

98 FORMAT(1HO,4H NR.,11XpbHLABELS,12X,4H4TIMEpbX,',: " C',,
70 A 12HOVERPRESSURE,2X,9HSTO.ERROR,7X,5HRANGE, 5 .

8 qHSTD.ERRORi,6X,9HELEVATION,3X,9HSTD.ERROP,/,
C 1H ,33X,3H(S),10X,3H(S),1IX,4HCPAJ9X4(PA)l',: ,M,
0 9X, 3H(MJ, 11X,3H(M),1OX,3H(M),I)

75 101 CONTINUE
PRINT 102,oKAALAB(PKAALAB(2KA3(TPXH(Jh.sTHj.o:.I,i~

102 FORIAT(H ,14j-lXo2AIOP-4(4XlPE12.5p2XplPE9.,'
Si IF((KA/5)*5.EQ.KA) PRINT 103

103 FORMAT tlH
80 105 CONTINUE

RETURN S END
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I ~SUBROUTINE SCALSHLSCDISCPRPSCTIPXPRALABLSTX5 NXNK,
ANRSHOK, NB AD)

C THIS STORES PROPERLY SCALED SHOCK DATA IN LSO ARRAYS
jC THE SCALES ARE PROVIDED BY THE CALLING PROGRAM

5 C X(1)wPRESSUREv X(23-DISTANCEP X(3)aTIME
C IF PRESSURE DATA ARE MISSING THEN X(1)=TIME I

C
DIMENSION X(5,50),R(5,5,50),ALAB( 2,50),LSTX(50) ,NXNK(2, 50)

C
10 COMMONIAMBCHA/AMPRAMTEMGAMAMBMOLCHVOLPCHEN,-CHHECHH

COMMON/COMSHDTITPXH(4, 50)PERrPXH(4, 503, TITLE( 3), ALB( 2,50)
C THIS CONTAINS RAW INPUT
C

COMMON/CMISFMIMISPDT(3950)PDISTN(50),NODIST,SCD
*15 C THIS INDICATES FOR SUBROUTINE FMSHCK MISSING PD OR T BY 1 IN MISPOT

C NODIST.NE.O INDICATES THAT ERROR FREE DISTANCES ARE IN DISTN
C

COMMON/CF2DERIGAMCAPSNDSPDCPAR(4) ,DMINSC, SCO, SCP, SCT
C 1CF2OER/ IS USED BY CONSTRAINT ROUTINES F2SHCK AND F20ER

*20 C
COMMDN/CMPLSHIPMINPMAXDOMIN,ODMAXPTMINTMAX

C THE EXTREME VALUES IN CMPLSH WILL DETERMINE PLOTTING LIMITS
C

GAMCAPU((1.,GAM)/(2.*GAMJ)*(SCPR/AMPR)
* SNDSPD-SQRT(GAM*AMTEM*8.31431IAMBMOL,*( SCTI/SCDI)

SCD-SCDI S SCPuSCPR S SCT-SCTI
C THIS TELLS IN WHAT UNITS GAMCAP AND SNOSPO ARE EXPRESSED
C

PMIN=0 S PMAX=O S DMIN=O S DMAXmO S TMINmO S TMAXmO
3 NRSsO

C
SCDD=SCDI
DO 55 KAa1,NRSHOK
IF(TPXH(3,KA).GT.O..ANDERTPXH(3,KA).GT.O. )GOTO 15

35 MISPOT( 2,KA)ul $ LSTX(KA)u1
M ISPDT (i, KA) =0
IF(TPXH(2,KA).LE.O. .OR.ERTPXH( 2,KA) .LE. 0.) MISPDT(IKA)n1
MISPDT( 3,KA)u0
IF(TPXH(1,KA).LE.O..OR.ERTPXH(1,KA) .LE.O.) MISPOT(3,KA)w1

1:) GOTO 45
15 X(2,tKAIuSQRT(TPXH(jKA)**2.(CHH-TPXH(4,KA) )**Z)

R(2,2,KA)=(TPXH(3,KA)*ERTPXH(3,*KA)/X(2,KA))**?+
A((CHH-TPXH(4,KAI))X(2,KA))**2*(ECHH**2+ERTPXH(4,KA)**2)

C
45 IF(DMIN.GT.O.JGOTO 16

* DMINuX(Z,KA) S DMAXaDMIN
16 DMIN=AMINI(DMINX(2#KA)) $ DMAX=AMAX1(DMAXPX(2KA')

C
X(2,KA)-X( 2,KA)/SCDI

50 R(29,2,KA)=R(2p2pKA)ISCDI**2
DISTN(KA)uX(2,KA)
R(1,3,KA)uO S R(3,1,KA)u0 S R(2,3PKA)s0 $ R(3,o29KA)aO

*R(1,2,KA)=O S R(2u1,vKA)u0 $ LSTXtKA)*0 $ MISPOT(2,KA)uO
Jul S MISPDT(IKA)ul

55 IF(TPXH(2,KA).LE.O..ORERTPXH( 2,KA) .LE.O.)GOTO 25
C

Js3 S f4ISPDT(loKA)uD
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XI 19 KA) =TPX'H12,KA) /SC PR
R(I ,1,1A) w(ERTPXH(2,KA)ISCPR)**2

~j 60 C
IF(PMINGT.0.)GOTO 22
PMIN=TPXH(2,KA) S PMAXuPMIN S GOTO 25

* .22 PMIN=AMINI(PMrNTPXH(2,pKA)i S PMAX=AMAXI(PMAXTPXH(2,KA)i
C

65 25 IF(TPXH(1,KA).GT.0..AND.ERTPXH(1,KA).GT.0.)GOTO 35
MISPDT(3,KA)ul S IF(MISP0T(IPKA).NE.0I*LSTX(KAI-I S GOTO 45

35 X(JPKA)=TPXH(IKA)/SCTI
R(JJKA)=(ERTPXH(IPKA)/SCTI)**2
MISPOT( 3,KA)=0

70 C
IF(TMAXGTo.dGOTO 38
TMINuTPXH(IPKA) $ TMAXwTMIN S GOTO 45

38 TMIN-AMINI(TMINPTPXH(1,KAI) I TMAX*AA~lK(TtlAXTPXH(1,KAI)
C

75 45 ALAS(lKA)uALB(1,KAI $ ALAB(2,KAl-AL8(2,KAJ
IF(ISTX(KA) .EQ*0)NRS=NRS+1

55 CONTINUE
C

DMINSC-DIIIN/SCDI
80 NBAD=O $ IF(NRS.EQO)NBAO=1

RETURN
END
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SUBROUTINE FITSH(SCD. SCPSCT,#KAERALABELLSTXNXNKNRSCKPARNP,
1 XCCLSTNNRGOERZVPAR,#ERPARPNBAD)

AC THIS FITS SHOCK DATA ACCORDING TO MODIFIER KA
C

*C ROUTINE USES LSQ PROGRAM COLSMUA FOR FITTING
C
C SCO, SCP, SCT *SCALES IN TERMS OF WHICH THE ARGUMENTS X IS EXPRESSED
C KA MODIFIER FOR FITTING
C KA1l - FIT PRESSURE. KA=2 - FIT PRESSURE*DISTANCE

10 C KA-3 - FIT PRESSURE+DISTANCE.TIME. KA-4 - FIT PRESSURE*TIME
C
C X(5,50l LEAST SQUARES DATA ARRAY
C X(IPRESSURE, X(2)-DISTANCEP X(3)xTIME
C IF PRESSURE DATA ARE MISSING THEN X(11-TIME

15 C
C THE REMAIN4ING ARGUMENTS ARE STANDARD LEAST SQUARES ARGUMENTS

DIMENSION X(5,50)tR(5,5,5O), ALABEL(29 50)PLSTX( 50)#NXNK(2,5O),
APARI 10) ,XC (5,50) C( 5,50) ,LSTN( 50), VPAR( 10. 101,ERPAR(I )

20 C
DIMENSION XA('5,50),RA(5,5,50), XCA(5,50)PCA(5,50)
DIMENSION WORK(4000)

C
COMMONICMISFMIMISPDT(3,v50),DISTNI50),NODISTPSCDD

*25 COMMON/CFZDER/GAMCAPSNDSPDCPAR(4),ALOWSCOI9SCPRSCTI
C MISPOT INDICATES MISSING PpD OR T BY CORRESPONDING ONES
C NiIDIST.NE.O INDICATES THAT ERROR FREE DISTANCES ARE IN DISYN
C BOTH COMMON BLOCKS ARE NEEEDED BY CONSTRAINT ROUTINFS
C

* 30 EXTERNAL FMSHCK
C

DL1T A (N WOR K a400
C MAXIMUM DIMENSION OF WORK, NEEDED BY COLSMUA
C

*35 SNDSPD-SNOSPD*SCDI*SCTI(SCTI*SCD)
GAMC AP-GAMCAP*SCPISCPR
A LOWwA LOW *SCDI /SC 0
SCOT =SCD
SCTI-SCT

* 40 SCPRsSCP
SI-SCDD/SCD
DOi 10 I1,50
DISTHI I)=OISTN( 11*S1

10 CONTINUE
45 SCDSCD

C NOW ALL COMMON BLOCK DATA ARE EXPRESSED IN SCALES GIVEN BY THE ARGUMENT
C

NX=M INO (KA, 3) S NODIST*0 S ITYPEs0
NPaMAXO(39KA+1) $ NPsMINO(NPp4)

50 C
DO 45 KB'1,NRSCK S IF(LSTX(KB).EQ.1)GOTO 45

C
DO 25 KC=1,3 S XA(KCPKBI-X(KCPKBI
XCA(KCPKB)=X(KCPKB) S DO 25 KD*1,3

55 25 RA(KC*KDKB)-R(KCKOKB)
C

NXNK(1,KB)-NX S LSTX(KB)uO
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NXNK( 2#KB)IqMAXO(IPKA-1) S IF(NXNK(2,KBleGT.2)NXNK(2,KB)=Z
IF(KAoEQ.1.AND.MISPOT(1,KBI.NEoO)LSTX(KB~aZ

* 60 IF(KA.EQ.2.AND.MISPDT(IPKB3 .NE.O)LSTX(KB)-3
IF(KA.LE.2)GOT3 45
IF(KAoEQ*3)GOTO 35

C
NODISTal S NXNK(1,KB)R2 S NX=2

65 IF(MISPDT(lKB).NE.0.OR.MISPDT(3,K6~ .NE.O)NXNK(1,KB~a1
NXNK(2,fKB)uNXNKI 1,KBI
IF(MISPOT(lKBhoNE.0)GOTO 45
XA(2,KB)sX( 3.KB) S RA(2t2,KB)=R(3,3,K8)
GOTO 45

70 C
35 IF(MISPDT(1,KB)eEQe0.ANO.NISPDT(3DKB2 .EQ.0)GOTO 45

NXNK(1,i(B)s2 $ NXNK12,KB)-l
45 CONTINUE

C
75 IF(KA*EQ.3) ITYPE=4
hi NXD-5 $ NPD'10 $ NKD-3

CALL COLSPIUA (XAPRAP ALABELvL STXPNXNKPNRSCKr PAR# NP, FMSHCK, I TYPEr
AXCAvCALSTNNRGDERZPVPARER9APNBADNXDPNKDNPO,ORKNWRK)
IF(NBAD.EQ.O) GOTO 50

80 C
PRINT 46,(PAR(J)PJ.1,-NP)

46 FORMAT(1HOv1OX,4HOAR,4t3X,1PE12.5))
PR1!4T 47,(LSTN(JhPJBlNRSCK)

47' FORMAT(H v1OX,5HLSTN-,1013X,17))
85 C

50 CONTINUE
C

00 65 KB=1,NRSCK $ IF(LSTNfKB).NE.ODGOTO 65
00 55 KC~l1,3 S XC(KCPKBIRXCA(KCPKBI

90 55 C(KCKBIuCA(KCPKB)
IF(KA.LE*3)GOTO 65
IFfMISP0T(lpKB.eNEe0)GOTO 65
XC(2,KB)-XI2pKB) S C(2#KB)*O
XC (3,K8)uXCA(2,KB) S C (3,KB)sCA(2vKB)

95 65 CONTINUE
RETURN
END
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I SUBROUTINE FMSNCK(XX, CKNXNKPKAPPARFFXFPFXX FXP, FPPNB)
C MULTIPLE CONSTRAINT FOR SHOCK FITTING
C ARGUMENTS ARE DESCRIBED IN COLSMU MANUAL

I5 DIMENSION XX(5,100),CK(3.100),NXNK( 29100),PAR(10),F(3),*
A FX( 3,5 ),FP13,10),FXX( 5v5),FXPI 5,1O)PFPP( 10,10)
DIMENSION DFX(5),DFP( 1OIDFXX(5,95),DFXP(5910iDFPPt1O.1O)PDX(5,1I
COMMON/CMISFM/MISPDT( 3,50),DIST(50),NODISTSCD

C MISPDT INDICATES BY 1 IF PD OR T IS MISSING
10 C DIST ARE DISTANCES OBSERVED. IF NODIST.NE.O THEN DIST ARE ERROR FREE

C SCO IS THE SCALE USED FOR DIST
C

NB-0
DO 4 KPu1,2 S F(KB)*0 S DO 4 KCslv4 S FX(KSPKC30O

15 4 FP(KBKCI-O
DO 5 KBu1,4 S DO 5 KCsI94 S FXX(KBPKC)uO S FXP(KBKCI=0

5 FPP(KBoKC)=0
IF(MISPOT(2,KA)*NE*O) GOTO 6

C BRANCH TO ERROR RETURN IF DISTANCE IS MISSING
20 C

O(1,Ij1)=XX(1,KA) S DX(291'J=XX(2,KA) S DX(3,1)aXX43,KA) S M=3
IF(NODIST.NEeO) GOTO 7
IF(MISPDT(lPKA).EQ.0) GOTO 10 S IF(MISPDT(3,KA)oE~oO) GOTO 8

C
25 6 NB z99 $ RETURN

C
7 OX(2,11-DIST(KA) S M-1 S IF(MISPDT(IKA).EQo0) GOTO 9
8 DX(3,1)*XX(1,KA) $ Jai S GOTO 60

30 9 DX1391)*XX(2,KA)
C ENTER 9 AND COMPUTE FIRST COMPONENT OF CONSTRAINT FUNCTION
10 CALL SHOCK3(DX, IPARF(1), DFXDFPDFXX,0FXPDFPPNSAD)

IF(NSADoEQo0) GOTO 15 S NBuNBAD.I00 $ RETURN
15 00 45 KBa1,M S FX(19KBI-DFX(KB) $ 00 25 KCu1,M

35 25 FXX(KBKCIuCK(1,KA)*DFXX(KBKC)
DO 35 KC-1,4

35 FXP(KBPKC)*CK(1,KA)*DFXP(KBKC)
45 CONTINUE

DO 55 KB01,4 S FP(1,KBI=DFP(KBI S 00 55 KC-1#4
40O 55 FPP(KBKC )-CK(1,KA)*DFPP(KBKC)

C
IF(NXNK(2,KA).LTe2) RETURN S Jm2

C
60 CALL F2SHCK(DX, 1, PAR,9F(J 19DFXvDFPp DFXXOFXP, DFPPPNBAO I

45 C THIS IS THE SECOND CONSTRAINT COMPONENT. ENTER 60 FROM 8 IF
C ONLY THE SECOND CONSTRAINT COMPONENT IS USED.

0 IF(NBAD.EQ.0i GOTO 65 S NO.NBAD+200 S RETURN
65 L=NXNK(1,KA)

DO 95 KBulpL $ KJoKB.(2-J)*(4-2*KB)
50 IF(J*M.EQo2.AND.KB.EQ.2)KJ=3 $ FX(JKB)sDFX(KJ)

DOTS KCm1,LS KK=KC+(2-J)*(4-2*KC) S IF(J*M.EQ.2.AND.KC.EQ.2)KKa3
75 FXX( KBKC)UFXX(KBKC).CK(JKA)*DFXX(KJKK)

DO 85 KCu1,4
B5 FXP(KBKCIuFXP(KBPKC) .CK(JKA)*DFXP(I(JKC)

55 95 CONTINUE
D0 105 KBu-1,4 S FP(JPKB)-OFP(KO) S 00 105 KC.1,4

105 FPP(KBKC)-FPP(KB,KC) tCK(JPKA)*DFPP(KB.KC)

73



RETURN
~pi END
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I SUBROUTINE SHOCK3(XX, KAPARF, FXPFP,-FXXFXPFPPPNBADI
C SHOCK FITTING CONSTRAINT WITH 3 PARAMEYERS
C THIS IS USED BY FMSHCK AS THE FIRST CONSTRAINT COMPONENT
C

5 DIMENSION XX(5,100),PAR(10),FX(5),FP(10),FXX(5,5),FXP(5,10),
1FPP( 10, 10)

C ~
NBADO0 S X-XX(2pKA)
FXll) aX*X*X

10 F-((XX(lKA)*X-PAR(l))*X-PAR(2))*X-PAR(3)
FE (2 ) a(3. *XX(I1,KA I*X-2.*PAR (13i*X-PAR (2)
FX(3) =0
FP(1)--X*X S FP(2)=-X $ FP(3)a-. S FP(4)a0
FXX(l,1)-0. S FXX(1,2)-3.*X*E $ FXX(Z,1)aFXX(lp2)

1s FXX(21o2)u6.*XX(lKA)*X-2o*PAR( 1I
DO 15 KB=1,3 S FXE(3.*KB)u0. S FXX(KB9330O S DO 15 KC=1,4

15 FXP(KaKC)=O
DO 25 KBu1,', S DO 25 KC-l,4

25 FPP(KiIKC~z0
20 FXP(2o1)--2.*X S FXP(2v2)=-1.

RETURN
END
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1 ~SUBROUTINE F2SHCK(XX.KAPPAR,#FFXPFP.FXXFXPFPPNBAO)
C THIS IS SECOND CONSTRAINT COMPONENT FOR SHOCK FITTING,
C CALLED FqOM FMSHCK.

5 DIMENSION XX(5,1O),PAR(1O),FX(51 ,P~f1O),FXX(5,5),FXP(5,1O~,
A FPP(1O,10)PSF(9)
EXTERNAL F2DER
COMMONICF2DERIGAMCAPP SNOSPDpCPAR(41#ALOWSCDSCPSCT

C GAMCAP=( (1.+GAM3/(2.*GAM))*(SCPR/AMBPRI
10 C GAtqCAP, SNOSPO AND ALOW ARE SET BY SUBROUTINE SCALSH

C
DO 15 KB=1,4

15 CPAR(KB)=PAR(KBI
C THE PARAMETERS CPAR WILL BE USED BY SUBROUTINE F2DER

15 X=XX(2pKA)
DO 25 KBjsl#3 S 00 25 KC*1*3

25 FXX(KBKC).O
IF(X.GT.1.E-30) GOTO 35 S NBAD~l S RETURN

35 NBADmO
20 SQu1.4GAMCAP*((PAR(3) /X.PAR(2flIX+PARII))IX

IF(SO.GT.1.E-50) GOTO 45 S NBAD-2 S RETURN
45 FXf1)&O. S FX(2)al.ISQRT(SO) S FX131*-SNOSPO

FXX(2,2)aO.5*GAMCAP*FX(2)*((3.*PARI35IX.2.*PAR(2)J/X
A4PAR(1) )I(X*X*SQ)

25 CALL ROMULT(F2DERoALOWPXPSFNBAD)
IF(NBAD.EQ.O) GOTO 55 S NBAD*NBAO*1O S RETURN

55 F-SF(114(PAR(4)-XX(3,KAI I*SNDSPD
FP(1)-SF(2) S FP(2)sSF(3) S FP(3SF(4) S FP(4)-SNDSPD
FPP(1,1)-SF(5) S FPP(1,2)uSF(6) S FPP(l1,3)uSF(?l

30 FPP(2,1)=SF(6) S FPP(2,2laSF(?) S FPPI2v3)&SFI8)
FPP(3p1)-SF(?) S FPPI3t2)*SF(S) S FPP43t3)*SF(9)
DO 65 KB-i,', S FPP(4vKB)=0 S FPP(K89 4)n0 S FXP(1,KBI=O

65 FXP(3,KB)nO
FXP( 2,1)a-O.5*GAMCAP*FX(2)I(X*SQ)

35 FXPI2,2)=FXP(291)IX S FXP(2,31=FXP(ZP2)/X S FXP12#41u0
RETURN
END
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1 SUBROUTINE F2DER(XPFPNBAD)
C INTEGRAND FOR NINE COMPONENTS OF F2 AND DERIVATIVES

DIMENSION F(9)
COMMONICF2OERIGACAPS4DSPD, PAR(4),ALDWmSCDSCPPSCY

5 C (GAMCAPst (I.+GAM)/(2.*GAM))*(SCP /AMBPR)
C GAMCAP, SNOSPD, ALOW AND SCALES ARE SET BY SUBROUTINE SCAISH

NBAD=O S IF(X.GT.I.E-30) GOTO 15 S NBADal S RETURN
15 Ya1./X

SQU1.4GAMCAP*((PAR(31*Y4PAR(2I)*Y4PAR(1fl*Y
*10 IF(SQ.GT*1.E-50) GOTO 25 S NBADm2 S RETURN

C INTEGRANOS CORRESPOND TO FOLLOWING QUANTITIES
C FFP(1), (21,(3),FPP(I),(1,2),(1,93)-(2,Zhv(2,3),(3,3)

25 F(1)ml.ISQRT(SQ)
F(2) u-O.5*GAMCAP*F(1)*Y/SQ

15 F(3)uFt2)*Y It F(43uF(3)*Y
F(5)a-1.5*GAMCAP*F(3) ISQ
F(61=F(5)*Y S F(7)uF(63*Y S F(B)=F(?)*Y S F(9)*F(S)*Y
RETURN
END
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1SUBROUTINE ROMULT(FPABPSFNBAD)
C ROMBERG INTEGRATION OF A 9-DIMENSIONAL VECTnR FUNCTION
C

DIMENSION SF(9).T(9,1 O,20),FA( 93,FB(93, FN(9)PFM(9)vCORKM(9,10)
5 C

NB AD 0
CALL F(AFAPNBAD) $ IF(NBAD.NE.0) RETURN
CALL F(BFBPNBAD) S IF(NBADoNEs03 RETURN
DO 14 KQ=1,q

10 14 T(KD, 1,l)'(FA(KD).FB(KD3 3*0.5.KM=1 S KMA-1
15 DO 16 KD=1,9
16 FM(KDI=O

DEN-FLOAT(KMA)*2.
15 00 25 KA'1,KMA

ACuFLOAT(1.2*(KMA-KAJ)I/DEN S BC*FLOAT(2*KA-I/DEN
ARG-AC*A+BC*B
CALL F(ARGPFN,*NBAD) S IF(NBAD*NEe0) RETURNFDO 23 KD=1,q

20 23 FM(KD3=FM(KO)+FN(KO)
25 CONTINUE

00 26 KDwl,9 S FMtKO)-FMIKDI/FLOATIKMA)
26 T(KD, 1,KM+1)*(T(KD.1, KM)tFM(KD) )*0. 5

C
25 C THIS IS TRAPEZo NEXT COMPUTE ROMBERG

KM=KM.1 S KC'1 S DDEN-1.
35 9(C-KC*1 S DDENuDDEN*4.

DO 37 L=199
CORK M(LPKC)s(T(LPKC-1,KM)-T(LPKC-1,KM-1))/(DDEN-1.)

30 37 T(LPKCPKM)-T(LKC-1,KM)+CORKM(LKC)
IF(KC.LT.KM.AND.KCeLT.10) GOTO 35

C NEXT TEST CONVERGENCE
IF(KM.GE.31 GOTO 45 S KMA*KMA*2 S GOTO 15

35 45 IF(KM.GE.20) GOTO 56
DO 53 L'1,9
TFSTuABS(C0RKM(LPKC))

C KCaMIN(KM,10)
IF(TESTeLE.1.E-100t GOTO 53

40 IF(TEST.LEABS(T(LKCPKM3)*1.E-10) GOTO 53
KMAsKMA*2 S GOTO 15

53 CONTINUE
C

56 DO 58 L1,v9
45 58 SF(LI-T(LPKCPKM)*(B-A)

RETURN
END
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1 SUBROUTINE PRSHAD(SCOISSCPRE, SCT IMKKXCCRLSTN, ALAS,
A NRSHOKTITLE)

C THIS PRINTS ADJUSTED SHOCK DATA
C ROUTINE SHOULD BE CALLED AFTER RETURN FROM FITSH

* 5 C DIMENSION XC(5,501,R(5,5,50),C(5,-5O),ALAB(2,5O3
DIMENSION TITLE( 3),LSTN( 50)
COMMON/CMISFM/MISPDT( 3, 50 )DIS TN(50), NODIST, SCOD .

10 TBIlH

K=O
DO 100 I=1,NRSHOK
IF(tSTN(I).NE.01 GO TO 100

15 K-K+1
IF(MOD(K,40).NE.1) GOTO 18
PRINT 2PTITLE

*2 FORMAT(1H1,45Xp3A10)
PRINT 5

20 5 FORMAT(1F4 ,45Xp*ADJUSTEO SHOCK OBSERVATIONS*#//)
PRINT 10

10 FORMAT(1H ,4H NR.,8X,6HLABELSP12X,6HTIME *,25XP12HOVERPRESSURE,
A 23XK,1OHDISTANCE 4,1,
BlH ,28X,10HCORRECTION,2X,8HCORRECT.,2X,9HSTD.ERROR,2Xp

*25 C11H+CORRECTlON,2X,8HCORRECT.,2X,9HSTD.ERROR, 3X,
01OHCORRECTION,2X,8HCORRECT.,2XQHSTD.ERROR, f
IF(SCTIM.EQo.dPRINT 11

11 FORMAT(lH+,3lX,3H(S), 2(8X,3H(S)')
fF(SCTIM.NE.1.)PRINT 1101

30 1101 FORMAT(IH+929X,8H(SCTIME)1X22X,8H(SCTIME))
I F(SCPRE. EQ.1.) PRINT 12

12 FORMAT(1H4,64X,4H(PAI ,2(7Xj,4H(PA)I
IF(SCPRE.NE.1. IPRINT 1201

1201 FORMAT( 1H+,63X,8H(SCPRES),2( 3X,8H(SCPRESI)
*35 IF(SCDIS.EQ.1.)PRINT 13

13 FORMATI 1H+j,99X,3H(M), 2(8X,3H(M) I)
IF(SCDISoNE.1*)PRINT 1301

1301 F0RMAT(1H+,97X,8H(SCDISTI,1X,2(2X,8H(SCDIST)) I
PRINT 15

*40 15 FORMAT(1H
18 CONTINUE

IF(KK.EQ.1) GO TO 30
IF(KK.EQ.2) GO TO 40 *-*

IF(KK.EO.3) GO TO 50
45 IF(t(K.EQ.4) GO TO 60

30 R1=SQRT(R(1It))
C(2, I)'O.0
R 2=0.*0

50 PRINT 21,IALAB(19,I),AIAB(2,I),TBTBTBPXC(1,IIC(1, IIPlXCC2, II,
1 C(2%,IhR2

21 FORMAT(1H p,14p1X,2A10, 3XA1O, IXvA9, 1Xv A1Ov2( 3X,IPE1O.39 1X,
*A 1PE9.2vlX,1PEl0.3)

GO TO 90
55

40 R1RSQRT(R(1,1,I) )
R2=SQRT(R(2p2,II I
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PRINT 21,IALAB(,Il),ALABI2,l),rBTBTSXC(1I3,IC(1I3,)R1,XC(2, 1),
1 C12tl)PR2

60 GO TO 90

50 IF(MISPDTE1,1).EQ.O.0.AND.MISPDT(3,I3.EQ.O.0) GO TO 51

IF(MISPOT(31IhNE.0.01 GD TO 52

: 65 51R= T ( ,R 1 TO IP

75 PRINT 20,IALAB(1,I),ALAB(2,I),XC(3,1),C(3,IIR1,BBXC( 2, 13,~vl~

70 20~~ FOXAT9,1,l4OlX1PAIO33X,PEIO,3IXIPE92lXIP3)31
GO TO 90

75PRINT 21, IALAB(1, I),ALAB(2,I),TBITBTBC(II),C(1, liR1,PXC(2, 13,
1 C12,I)PR2

85 GOTO 90

953 Rl=SQRT(R(lo1,I))
R20'SQRT(R(2,3,I) 3
PRINT 20, IALA8( 1,1),ALAB(2,I),XC(3,I),*C3,1,R3,C(1, #I C(.I) ,.
I, XC2l)P21,.,

85 GO TO 90

961 R12SQRT(R(lpl,1))
R3=S QRT(R(3v 39 1
PRINT 22, IALAB(I),ALAB(2,1),XC(1,1),C(I13IPSPBPBC(2, 13,
I 0.0,0(.lv.0v.

100 GO TO 90

62 RI*SQRT(R(1,1,13))

PRINT 22,IALAB(IPI),ALAB(2,K),TBSTXC1TC(lololI),R1,PXC(2, 13,
1 00,0.0

100 CONTINUE
RETURN
END

08



I SUBROUTINE DIMPARS (KKrSCOIS, SC PRESCTIM, PARS# NP, VPARS, ERZSP
APARSO, VPARSDv TITLE)

C THIS COMPUTES DIMENSIONAL VALUES OF SHOCK PARAMETERS
C

5 C KK *MODIFIER INDICATING WHAT HAS BEEN ADJUSTED
C SCOISP SCPRE, SCTIM = SCALES OF PARS AND VPARS
C PARS(10) *SHOCK FITTING PARAMETERS
C NP aNUMBER OF SHOCK FITTING PARAMETERS
C VPARS(1O,1O) VARIANCE MATRIX OF PARAMETERS PARS

10 C ERZS -STANDARD ERRROR OF A SET WITH WEIGHT ONE
C PARSODlO) SHOCK FITTING PARAMETERS IN SI UNITS
C VPARSD(1O,1O) - VARIANCE MATRIX OF PARAMETERS PARSO
C TITLE(3) aNAME OF EVENT
C

15 DIMENSION PARS(10),VPARS( 1O,10),PARSD( 10hVPARSD(10, 10),TITLE( 3I
DIMENSION SCMAT(1O,10)9DIM(1O)
COMMONICF2DERI GAMCAPSNDSPOCPAR( 4) ,OLIM, SCO, SCP, SCT

DATA( (OIM(J),J-l,4l)THPA*M t7HPA*M**2v7HPA*M**3#?HS
*20 C

PRINT 11, (TITLE(J),Jm1,3)
11 FORMAT(IHI,1OXSHEVENT,5X,3A10,/,1H #1OXp511H-I)
C

DO 15 KA-I.,1O S DO 15 KB1,1l0
25 15 SCMAT(KAKBI=O

SCMAT( 1,1)uSCPRE*SCDIS
SCMATI 2,2 ISCPRE*SCDI 5**2

V SCMAT 3,3) USCPRE*SCDI 5**3
SCMAT( 4v4) -SCTIM

30 C
DO 45 KA-1,4 S PARSD(KA~m0
DO 35 KB-19,4 S VPARSD(KAKB)aO
00 25 KC-1,4 s DO 25 KD1l,4

25C VPARSD(KAp KBI VPARSD( KAPKB I+SC MAT (KAP KC )*VPARS (KCPKD)*SCMAT (KD, KB)

3535PORMD(AIT(1HO,//I,1H MA ,1OX32HIMESIOALS VAUE F AAMTRS

40 PRINT 65
65 FORMAT(IHOP 10XP1OHPARAMETERSP 5X,8HSTANDARi, 7XP8HSTANDARDY 5Xv

A9HDlMENSIONI,1H ,26X,6HERRORS,7X,10HERRORS*ERZI
DO 85 KA=IPNP
PER=SQRT(VPARSD(KAPKA)) S PERZoPER*ERZS

45 PRINT 75,PARSD(KA)pPERPERZvDIM(KA)
75 FORMAT( 1H ,9X,1PE12.5,3X,1PEIO.3,4X,1PE1O. 3,61,A?)

085 CONTINUE
OLIMO-OLI M*SCD
IF(NPoEQ.4)PRINT 88vDLIMD

50 88 FORMAT(lH4,62XP23Hu SHOCK ARRIVAL TIME ATIlPE12.3,7H METRES)
PRINT 95

95 FORMAT(1HO,III,1H P10XP31HTHE SHOCK OVERPRESSURE FUNCTION, Y
A 12H IS GIVEN BY,
B /I/,H P20XP40HP - PAR(1)/R + PAR(2)/R**2 + PAR(3)IR**3,II)

55
PRINT 135

135 FORMAT(IHO,/IH PIOX,37HADJUSTEO ARE OBSERVATIONS OF PRESSURE)

81



IF(KK.EQ.2) PRINT 136
136 FORMAT(1H4j,47Xt13H AND DISTANCE)

60 IF(KK.EQ.3) PRINT 13?

137 FORMAT(lH,,47XP19H, DISTANCE AND TIME)
IF(K.EQ.'.) PRINT 138

138 FORMAT(1I-+947X,9H AND TIME)

65 C COMPUTE CORRELATION MATRIX
DO 185 KAxlNP S DO 185 KB-1#NP

185 SCMAT(KAKB)-VPARS(KAK8) /SQRT(VPARS(KAKA)*VPARS(KBKB)II
PRINT 195

195 FORMAT11H ,//,1-H ,10OXP18HCORRELATION MATRIX//)

70 DO 215 KAs1,NP
PRINT 205, ISCMAT(KA,*J ),JslNP)

205 FORMAT(14 I ,X,6(0PF13.8))
215 CONTINUE

75 PRINT 105
105 FORMAT(lH ,/IIH ,lOX,27I4VARIANCE-COVARIANCE MATRIX v

A33H(NOT [INCLUDING THE FACTOR ERZ**2),p//3
DO 125 KASltNP
PRINT 115P(V~PARSO(KAPJJ,J*1,NP)

80 115 FORMAT(IH ,lOX.,5(3XvIPE12.5))
125 CONTINUE

RE TUJRN
END

08



1. SUBROUTINE Pf' :',tr'avSCDISCPRSCTINRSHOKPARNPVPARERZ,
AE R F A.iD

C ToiS PLOTS PRESSURE OVER DISTANCE (DATA AND FITTED CURVE)
C

5 C KK = INDICATES WHAT HAS BEEN ADJUSTED. SEE STAT. 185 FF.
C SCDIPSCPR,SCTI SCALES TO aE USED ON INPUT DATA
C MRSHOK - NUMBEf4 OF INPUT DATA SETS
C PAR =PARAMETERS LVF SH-OCK FITTINC FUNCTION
C NP *NUMBER OF PARAMETERS

10 C VPAR =VARIANCE-COVARIANCE MATRIX OF PARAMETERS
C ERZ =STANDARD ERROR OF SET WITH WEIGHT ONE
C ERFACT - ERROR FACTOR TO BE USED FOR CONFIDENCE CURVES
C
C PROGRAM CALLS ROUTINE SHOCK3 TO GET FITTED CURVE

15 C
DIMENSION PARQ13VPAR( 10.10)

C
COMMON/COPSHT/TPXH(4# 50) ,ERTPXH(4v 50)p TITLE( 3)v ALB( 2, 50)
COMMON/AM8CHAIAMB(8)

20 C THIS CONTAINS INPUT DATA
C

COMMON/PLOT/PD(6), PLABL(4)
C FROM THIS COMMON BLOCK USE ONLY THE PLOTTING LABEL
C

25 COMMONIC MISFMIMISPDT( 3,o50bDISTN(5O)PNODISTSCDO
C

DIMENSION PMIMA( 2 )DMIMAt 2) ,TMIMA(2),
A(5,1l),FX(5hjFPIIO).,FXX(5,95),FXPf5,1O).,FPP(10,10),
BTE XT(C6) ,XP( 201), YP( 201) ,YPE(C201), ERYP (201)

30 C
DATA( ANAME =6HPL PDSH)
CALL LOGS C ISCDIjSCPR, SC TI ANAME,9DMIMA, PlIMA, TtIMASCLNBD I
IF (NBD.NE .O)RETURN

C THIS ESTABLISHED LOGARITHMIC PLOTTING SCALES
35 C

CALL PLTBEG(21.O,28.0, O.3973,13,PLABL)
XSC=SCL S XOR*DMIMA(l) S XRAN-DMIMA(2)-DMIMAC1)
YSC-SCL S YOR-PMIMACI) S YRAN-PMIMA(2)-PMIMA(l)
CALL PLTSCA(5.0,9.OXOR,-YOR, XSCPYSC)

40 DXsI. S XLEFTaX0R $ XRIGHTaXOR+AMAX1(XRANPAINT(1O.*XSC))
DY-1. $ YBOT-YOR S VTOPZYOR*AMAXI(YRANPAINT(10.*YSCI)
NTYP E-7
CALL PLTAXS(DX,-DY, XLE FTXRIGHTYBOTYTOPNTYPE)
CALL LABLOG(OXDY, XLEFTXRIGHTYBOT.,YTOPO0.0,0.0)

45 25 FORMATC3AlOIH)
0 ENCODE(31,25,TEXT(l))(TITLE(JIJ=I,3)

CALL PLTSYMCO.4, TEXT( I1,0.OpXLEFTYBOT-YSC*4.0)
35 FORMAT(13HDISTANCE (M)>)

ENCG)E( 13v35,TEXT(1))
50 rX=i XLEFT.XRIGHT)*0.5-6.0*0.3*XSC

TY=YBOT-1.*5*YSC
CALL PLTSYM(0*3oTEXT( 1)p0.0pTXTY)

36 FORMAT(IJ3HOVERPRESSURE (PA))
ENCODE( 18936,TEXT(l))

55 TX=XLEFT-1.8*XSC
TY=(YBOT+YTOP)*0.5-I3.0*0.3*YSC
CALL PLTSYM(0.3, TEXr( 1),90.09TXPTY)



C 00 45 KAul.NRSHOK

60 [F(MISPDT(2pKA).NE.O) GO TO 45
IF(P ISPDT(lKA).NE.O)GOTO 45
XP(l)uO.5*ALOG1O((TPXH(3,KAI**Z4(TPXH(4,KA)-ANB(?3)**2)/SCDI**2)

C hM8(7) a CHARGE ELEVATION (IN COMMONIANBCHAI I
YP(1 JALOGlCfTPXHL2,KA)/SCPR)

65 NSaMISPDT(3vKA) S CALL PLTDTS(3,tNSvXPYP,1,OI
45 CONTINUE

C THIS PLOTTED DATA POINTS
C
C NEXT PLOT FITTED CURVE

70 CALL PLTWNO(XLEFTXRIGHTPYBOTYTOP)

DO 65 KAzIP201
XP(IP )uXLEFT+(XRIGHT-XLEFT)*FLOAT(KA-1)1200.
0(1, 13-0 S Q(2,1)z10.**XP(IP)*SCDI

CALL SHOCK3(QP1,PARFFXFPFXXFXPFPPMSAD)
C THIS CALL TO THE CONSTRAINT FUNCTION FURNISHES FITTED CURVE
C

IF(F.GE*O..OR*NBAD.NE.0)GOT0 65
80 YP(IP) -A.OG1o(-FI(Q(Zpl1**3*SC PRI)

FYm0
00 55 KB-1,9NP S DO 55 KC-1,NP

55 FY-FY4FP(KBI*VPAR(KBPKC)*FPIKC)
ERYP(IP)-SQRT(FY)/(ALOG(10.3*(-F)I

85 C LOGARITHMIC ERROR IS INDEPENDENT OF SCALE
* - IPUIP+1

65 CONTINUE

IPM=IP-1 S IF(IPM.LE.O)GOTO 120
90 DO 105 KE-1,2

DO 95 KB=1#3 $ ERFaERFACT*FLOAT(KB-21
IF(KE.EQ.1)GOTO 75 $ IF(ERZ.LT*195)GOTO 105 S ERF*ERF*ERZ

75 DO 85 KP-1,IPM
85 YPE(KP)=YP(KP)*ERF*ERYP(KP)

95 CALL PLTOTS(1,0,XPYPEPIPMP01
95 CONTINUE
105 CONTINUE

115 FORMAT( 21HCONFIDENCE LIMITS FORF4*1,1TN STANDARD ERRORS3)
too 120 ENCODE(42iv115vTEXT(l))ERFACT
- .CALL PLTS'M( .25v TEXT(1I)P0.O, XLEFTYBOT-YSC*SeO)

IF(ERZ.GEo1.5)GOTO 145
125 FORMAT124HWITHOUT THE FACTOR ERZ OPF693,1HbI

* ENCODE(31P1259TEXT(II)ERZ
105 GOTO 155

135 FORMAT(33HWITH AND WITHOUT THE FACTOR ERZ u9F6*3p1H')
145 ENCODE(40PI35,TEXT(1H)ERZ
155 CALL PLTSYM(925, TEXT( 1)9D0,XLEFTYBOT-YSC*5e4)

IF(KK.NE.1) GOTO 175
110 165 FORMAT(38HAOJUSTED ARE OBSERVATIONS OF PRESSURE')1
* ENCODE(38P165PTEXT(l))

CALL PLTSYM(.25.TEXT(1),0.0,XLEFTYBOT-YSC *5.8)
GOTO 265

175 ENC'JDE(299185PTEXT(1) )
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115 185 FORMAT(29HADJUSTED ARE OBSERVATIONS OF)
CALL PLTSYM(.25* TEXT( 1)vo.Op LEFTOYBOT-YSC *5.8)
IF(KK.EQ.2l GO TO 195 iI

IF(KK.EQ.31 GOTO 215
IFI(K.EQ.4) GOTO 235

120 GOTO 265
195 ENCOD1E(2Z,205,TEXT(1)) S GOTO 255

205 FORM1ATI22HPRESSURE AND DISTANCE')
215 ENCODE(28,225PTEXT11)) S GOTO 255
225 FORMIAT( 28HPRESSURE, DISTANCE AND TIME')

125 235 ENCODE(18,245,vTEXT(1)) S GOTO 255
245 FORMAT4I8HPRESSURE AND TIME')
255 CALL PLTSYM(.25,TEXT(1),O.OXLEFTPYBOT-YSC *6.21

265 CONTINUE
CALL PLTPGE

130 RETURN
END
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SUBROUTINE PLPTSH (KK,SCOI ST.9SC PRE S,9SCTIME vN RSHOK, PAR4,NPPV4 v
1 ERZ4PERFACI

C THIS PLOTS PRESSURE OVER TIME (DATA AND FITTED CURVE)
ri C

5 C KK =INDICATES WHAT HAS BEEN ADJUSTED
C SCDIST, SCPRESP SC TIME -SCALES To BE USED ON INPUT DATA
C NRSHOK *NUMBER OF SHOCK OBSERVATION STATIONS
C PAR4(1O) SHOCK PARAMETERS
C NP NUABER OF SHOCK( PARAMETERS

10 C V4(1O,1O) -VARIANCE MATRIX OF SHOCK PARAMERERS PAR.
C ERZ4 STANDARD ERROR OF A SET WITH WEIGHT ONE
C ERFAC aFACTOR FOR CONFIDENCE LIMIT PLOTTING
C
C ROUTINE USES SHOCK3 AND F2SHCK FOR THE COMPUTATION OF FITTED PRESSURE

15 C
DIMENSIO1 PAR4(10)PV4(1O.103,TEXT(6) CURVE

C
DIMENSION PMIMA( 2),DMIMA( 2),TMIMA(2)
DIMENSION XP(2011,PYP( 201),EYP(201)PYPE(2011,Q(5,13

20 DIMENSION FX(5),FP(10IFXX( 5, 5)FXP(5,10IFPP(1O,10)
C

COMMION/CJMSHDT/TPXH(4,503 ,ERTPXH(4 50), TITLEI 3), ALAB(2, 501
COMMONIA9BCHA/AMPRAMTEM, GAMMAAMMOLCHVOLCHEN, HC, ERCHEL

CC THESE TWO COMMON BLOCKS CONTAIN INPUT DATA
25 C

COMMON/PLOT/PO(6), PLABL(4)
*C FROM THIS COMMON BLOCK USE ONLY THE PLOTTING LABEL

C
COMMON/CF2OERIGAMCAPSNDSPDCPAR(4),ALOWSCDSCPSCT

30 C THIS COMMON BLOCK IS NEEDED BY THE CONSTRAINT ROUTINES
C

COMMOGN/CMISFM/MISPDT( 3,50 1,pDSTN(5O),NODISTSCDD
C MISPOT IS USED TO IDENTIFY MISSING DATA
C

35 DATA(ANAME=6HPLPTSH)

I F CK *LE. 2 1RETURN
C PLOT OVER TIME ONLY IF TIME IS AN OBSERVABLE
C

4 '0 SNDSPD-SNDSPD*SCD*SCTIME/(SCT*SCDIST)
ALOW-ALOW*SCDlSCDIST

SC D2SCD0IS T
SCT-SCTIME

4.5 SCPzSCPRES
* C THIS WILL CAUSE F2DER TO PRODUCE RESULTS IN THE PROPER SCALES

C
CALL LOGSC (SCDISTSCPRES, SCT[MEANAMEDMIMAPP IMATMIMAPSCLNBD)
IF(NBD.NE.O) RETURN

50 C LOGSC COMPUTED PROPER PLOTTING SCALES
C

CALL PLTBEG(21.O,28.0,0.394, 13,PLABL)
* XSC-SCL S XOR*TMIMA(l) S XRAN=TMIMA(2)-TMIMA(l)

YSCzSCL $ YCP*PMIMA(1) S YRAN*PMIMA(2)-PMIMA(1)
55 DXul. $ XLEFTmXOR S XRIGHT-XLEFTAMAX1(XRANAINT(10.*XSC))

DYal. S YBflTwYOR $ YTCPYBOT+AMAXI(YRANAINT(10.*YSCI)
CALL PLTSCA(5.0O,9.0,XORYORXSCYSCI



NTY*Em7
CALL PLTAXS(DXDY.XLEFTXRIGHTYBOTYTOPNTYPEI

60 DXL*1.0 S DYL=1.O
4 CALL LABIOG(DXLDYLXLEFTXRIGHTYBOTYTOPO.00O)

TEX=1OHTIME (S)3, S ENCODE(10P179,TEXT(1))TEX
179 FORMAT(A1O)

TX=( XLEFTXRIGHTI*O.5-4.0*0.3*YSC
65 TY=YBOT-1.5*YSC

CALL PITS YM(0.39 TEXT( 1),90.0,TXTY)
301 FORMAT(I8HOVERPRESSURE (PA)>)

ENCODE( 13,P301,TEXT( 1)
TX-=XLIE VT- XSc *1.*7

70 TY-(YBOT+YTOP)*0.5-8.0*0.3*YSC
CALL PLTSYM(0.3,TEXT(1),90.0#TX#TY)
ENCODE(3l,178,TEXT(l))(TITLE(J),J1,p3)
CALL PLTSYM(0.4, TEXT( 1 )0.0v XLEFTPYBOT-YSC*4.O)
NPP*O S DO 197 KPm1,NRSHOK

75 IF(MISPDT 1,KP) .NE.O.OR.MISPDT(3,KP)3.NE.0) GOTO 197
N P PZNPP .1
XP(NPP)-ALOG10(TPXH(lKP)ISCTINE)
YP(NPP) -ALOG10( TPXH(2,KP) /SCPRES 3

197 CONTINUE
80 CALL PLTDTS(390,XPYPPNPP,0)

C THIS PLOTTEO DATA
C
C NEXT FIND SUCH DISTANCE LIMITS THAT CORRESPOND TO PT-WINDOW

DPLRAN*DMIMA(2)-DMIMA (1J
85 DISTMI'-DIMA(1)

DISTMA*DISTMI+AMAX1(DPLRANAINT(10.*SCL)I
DELDX=(DISTMA-DISTMI)/20.
0(1,13=0.$ 0(3,vl=0
LOW- 0

90 DX-OISTMI
4.05 0(2,1I)nl0.**DX*SCDIST

CALL SHOCK3(Q,1,PAR4,FoFXFPFXXFXPFPPNBADI
C THIS ROUTINE COMPUTES THE NEGATIVE OVERPRESSURE

flVP=-FI (Q(2pl)**3*SCPRES)
95 IF(IJVP.LE.O.) GOTO 425

IF(NBAD.N)E.0.OR.ALOG10(OVP) .GT.YTOP) GOTO 415
C BRANCH IF PRESSURE IS OUTSIDE WINDOW

CALL F2SHCK(O,1,PAR4, FFXFPFXXFXPFPPNBADI
C THIS ROUTINE COMPUTES TIME

100 TIM-Ff(SN05PD*SCTIME)
IF(TIM.LE.0.) GOTO 425
IF(NBAD.NEO.OR.ALOGIO(TIM).LT.XLEFT) GOTO 415

* C BRANCH IF TIME IS OUTSIDE WINDOW
LOWI

105 C AN INSIDE POINT FOUND. GET A LOWER LIMIT OUTSIDE POINT
DX-DX-DELDX
GOTO 405

415 IF(LOW.EQ.1)GOTO 425
DX='JX.DELOX

* .110 GOTO 405
C NEXT SEARCH FOR UPPER LIMIT

425 DISrM Iw0X
LAR=O
DXzDISTMA
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115 435 Q(Z,1)alO.**DX*SCDIST
CALL F2SHCK(Q,1,PAR4,FFXFPFXXFXPPFPPNBAD)
TI~sFI (SNDSPD*SCTIME)
IF(TIM.LEs0.) GOTO 455
IF(NBAD.NE.O.OR.ALOG1O(TIM).GT.XRIGHT) GOTO 445

120 C BRANCH IF TIME OUTSIDE WINDOW
CALL SHOCK3(Q,,PAR4,FFXPFPFXXFXPFPPNBAD)
OVP*-FI(Q( 2vl)**3*SCPRES)
IF(OVP.LE.0s) GOTO 455
IF(NBAO.NE.0.OR.ALOGIO(OVP).LT.YBOTI GOTO 445

125 C BRANCH IF PRESSURE OUTSIDE WINDOW
DXD0X. DE LOX
LAR-1

C AN INSIDE POINT HAS BEEN FOUND. GET AN OUTSIDE POINT
GOTO 435

130 445 IF(LAR*EQ.1IGOTO 455
DX=DX-DELOX
GOTO 435

NhI 455 DISTMAmDX

135 C NEXT C9JMPUTE FITTED CURVE FOR PLOTTING
IP-1
DO 201 KP-1#201
PXPuDISrrII.WISTMA-DISTMI)*FLOAT(KP-1)1200.
Q(1, 1)00.$ Q(2,1)ulO.**PXP*SCDISTS 0(391)=0

140 C!
CALL SHOCK3(QP1,PAR4,FFXPFPFXXPFXPFPPNBAD)

C FIRST SHOCK FITTING CONSTRAINT ROUTINE PROVIDES PRESSURE
IF(F.GEo0..OReNBADoNEeO) GOTO 201

C
145 YP(IP)UALOGIO(-F/(Q(2,1)**3*SCPRES))

EY=0. S DO 199 KB=u1,NP S DO 199 KCw1,NP
199 EY-EYFP(KBI*V4(KBPKC)*FP(KC,

EYP(IP)-SQRT(EY)I(ALOG(IO.)*!-F))
C

150 CALL F2SHCK(Q,1,PAR4,FFXPFP, FXX,-FXPPFPPNBADI
C SECOND SHOCK FITTING CONSTRAINT ROUTINE PROVIDES TIME

IF(F.LE*O.*OR*NBAD*NE*0) GOTO 201
C

XP(IP) ALOG1O(FI(SNDSPD*SCTINE)
155 IPUIP*1

201 CONTINUE

C NEXT PLOT FITTED CURVE
CALL PLTWND(XLEFTXRIGHTPYBOTPYTOP)

160 00 2031 KEs1,2
KPMmIP-1 S IF(KPM.LE.0) GOTO 2031

PDO 203 KBulp3 s ERFaERFAC*FLOAT(KB-2)
IF(KEeNE*2)GOTO 2011 S IF(ERZ4*LTo1.5)GOTO 203 S ERFmERF*ERZ4

2011 CONTINUE
165 DO 202 KP1,vKPM

YPE(KP)uYP(KP)+EYP(KP I*ERF
202 CONTINUE

CALL PLTDTS(1,0,XPPYPEPKPMP0)
203 CONTINUE

170 2031 CONTINUE
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ENCODEI6O,5,TEXT(1) )ERFAC
5 FORMAT(#COt4FIOENCE LIITS FOR *PF4*1,* STANDARD ERRORS'*)

CALL PLTSYM( .25p TEXT( 1),O.0,XLEFTPYBOT-YSC*5.0)
175 IF(ERZ4.GE.1.5) GO TO 14

ENCODE(31o10.TEXT(1)) ERZ4
10 FORMAT(*WITHOUT THE FACTOR ERZ w*,F6.3,1H'l)

GO TO 16
14 ENCOOE(40vl5vTEXT(ll) ERZ4

180 15 FORMAT(*WITH AND WITHOUT THE FACTOR ERZ s*pF6o3plH3)
16 CALL PLTSYM(.25,TEXT(1),0.0,KLEFTPYBOT-YSC*5.4)

IF(IK.NEoll GO TO 24
ENCODE( 38,p20,TEXT(1)

20 FORMAT(*ADJUSTED ARE OBSERVATIONS OF PRESSURE>*)
185 CALL PLTSYM (&25o TEXT( 14 ).0v XLEFTY BOT-YSCik5o8)

GO TO 265
24 ENCOOE(29#25,TEXT(l))
25 FORMAT(*ADJUSTED ARE OBSERVATIONS OF'*)

CALL PLTSYM(.25,TEXT( 11,0OK*LEFTYBOT-YSC*5.8)
190 IF(KK.EQ.Z) GO TO 195

b IF(KK*EQ.3) GO TO Z15
IF(KK*EQ.4) GO TO 235

195 ENCODE(22*205PTEXT(1))
GO TO 255

195 215 ENCODE(28r225,TEXTI 1))
GO TO 255

235 ENCODE (18p245,9TEXT(l))
255 CALL PLTSYM(.25,TEXT(1JO.0,XLEFTYBOT-YSC*6.2)
178 FORMAT (3A10,1IH')

200 180 FORMAT(5HCASE #12p6H, NXUI1,5H,9 NP*,I1,1H')
205 FORMAT( 22HPRESSURE AND DISTANCE'v)
225 FORMAT( 27HPRESSURE, DISTANCE AND TINE'1)
245 FORMAT(I8HPRESSURE AN0 TIME>)
265 CALL PLTPGE

205 RETURN
END
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SUBROUTINE PLDTSH(KKESCDIST, SCPRESKSCTIMENRSHOK PAR,NPV4,

SERZ ,ERFAC ) O S W E
C THIS PLOTS DISTANCE OVER TINE (DATA AND FITTED CURVE)

C

5 C KK INDICATES WHAT HAS BEEN ADJUSTED ]
C SCDISTD SCPRES, SCTIME A SCALES TO BE USED ON INPUT DATA

DSC PAR() SHOCK FITTING PARAMETERS".
C P • NUiBER OF SHOCK FITTING PARAMETERS"
C V4(10,10) a VARIANCE MATRIX OF SHOCK PARAMETERS PAR4t. .

10 C ERZO • STANDARD ERROR OF A SET WITH WEIGHT ONE :-F 1

C S RFC OMMO ACTRFA/R PB TTN OF 8)FDEC MT

C ROUTINE USES CONSTRAINT ROUTINE F2SHC( TO COMPUTE TIE FOR GIVEN
C DISTANCE. ]

15 C
DIMENSION PAR(O) , V4A (10, 10), TEXT (6) 

C DTHESENWSCON BL(OCKS AYRE0 NEEDPE BYPTE(CONSINTS ROUIN .2SH
C

l 3 DIMENSION PMIA(2) ,DMIMA( 2)PTMIBA(2)

20 D IMENS ION F X( 5),FP(10O),FXX ( 5,5),FXP (5,10), FPP (10, 0)

C

COMMON5COMSHDTTPXH(, RO),TERTPXH(4•SO),TITLE(3),ALAB(2,O)"
COMM ONIA IBCHAIAMB(8) .]

C THESE TWO COMMON BLOCKS CONTAIN INPUT DATA
-25 C

COMONICF2DERIGACAP, SNDSPD CPAR(),ALOW SCD SCPSCT. -. C THESE TWO COMON BLOCKS ARE NEEDED BY THE CONSTRAINT ROUTINE F2SHCK-.-

30 COMMONIPLOTIPO(6)PLABL()-
C FROM THIS COMMCN BLOCK USE ONLY THE PLOTTING LABEL SAE
C 1

DATA I AN AM E,,6HPLDTSH) ...- 'l__.

35 IF(KKLE.2) RETURN
C NO PLOTTING IF TIME WAS NOT ADJUSTED .L-TIN

50 CAL PLB.'-*P1B00.9p.;LAL

SNDS PDSNDSPD*SCD*SCTIMEI (SCT*SCDIST)-.- .'.i)
ALOW- ALOW*SCDISCDIST ]

40 GASCAP GAMCAP*SCPRES/ SCP N
55 C LSCDaSCDIST

-. '- SCT-SCT IME" I

SCPSCPRE S
C THIS WILL CAUSE FZSHCK TO FURNISH RESULTS IN THE PROPER SCALES

5 C 9-- ~~~CALL LOGSC ( SCDIST,SCP RES, SC TIHE,ANAME,DMIMA, PMIMA,TMIMA, SCL,NBD )
IF(NBD.NE.O) RETURN-.

C LOGSC ESTABLISHED PLOTTING SCALES FOR LOGARITHMIC PLOTTING..

- 50 CALL PLTBEGI2I.O0,28.0, O.394,13,PLABL) ";
XSC'SCL $ XOR=TMIMA(1) S XRANZTMII A(2)-TMLMA(1)"]
YSC=SCL $ YOR-DMIMA(1) $ YRAN-OMIMA(2)-DMIMA(1)

~~DX=1, S XLEFTaXOR $ XRIGHTaXLEFT+AMAX1(XRAN,AINT(1O,*XSC))
-. O~~yal. $ YBOT-YOR $ YTOP-YBOT+AMAX1(YRAN,AINT(1O.*YSC)).-.
55 CALL PLTSCA(5.O,9.OXORYOR,XSCYSC) -'i

"" NlrYPEa7".-l
°'" ~CALL PLTAXS(DX.DYXLEFTXRIGHTYBL1TYTOPNTYPE)".--

90..-

]

. . " ..

. . .. . .. . .
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DXL=1.O $ DYL*1.O
CALL LABLOG(DXLPDYLXLEFTPXRIGHTYBOTYTOP,.90,0p.0)

60 35 FORMAT(13HDISTANCE (MM)>
ENCODE( 13,35,TEXT(1))
TXaX LEFT- XSc *1.*7
Ta (YBOT+YTOP)/2.-YSC*6*0*O.3
CALL PLTSYM(O0.3p TEXT( 1 )p90* Op TX.TY) -

65 36 FORMAT(9HTIME (S)II
ENMCODE ( 9, 369 TEXT ( 1)
TX=( XLEFT*XRIGHT)/2.-XSC*4.O*0.3
TY=YBGT-YSC*1.5
CALL PLTSYMIO.3, TEXT( 1),0.OTXvTY)

70 ENCODE(31,178,TEXT(13 )(TITLE(J),JRl,3I
CALL PLTSYM(O.4,TEXT(1lhO.0,XLEFTYBOT-YSC*4.0)

DO 197 KPsjNRSHDK
IF(MISPDT(2,KP).NE.O) GO TO 197

75 IF(MISPOT(3,KPI.NE.01 GO3 TO 197
XP(1 )-ALOG1O(TPXH(lPKP)ISCTIME)
YP(Ia0.5*ALOG1O((TPXt4(3,KP)**2,(TPXH(4,KP)-AMB(7)1**21 ISCDIST**2)
NS=MISPDT( 1,KP)
CALL PLTOTS(3#NSRXPYP,91,O)

80 197 CONTINUE
C THE PREVIOUS LOOP PLOTTED DATA
C
C NEXT PLOT ADJUSTED CURVE

CALL PLTWND(XLEFTXRIGHTYBOTYTOP) $ IPul
85

D0 238 KP=19201
YP(IP )=YBDT,(YTDP-YBOT)*FLOAT(KP-1)I200.
Q(1,1)nOo S Q(2vl)=10.**YP(IPI*SCDISTS Q(3ol)aO.

C
90 CALL F2SHCK(Q,1,PAR4,FFXPFPFXXFXPFPPNBAD)

IF(NBAD.NE.O) RETURN
C THE CONSTRAINT ROUTINE COMPUTED TIME FOR GIVEN DISTANCE
C

XP(IP)aALOG1O(F/(SNDSPD*SCTIME)I
95 DUMmO. $ DO 236 KB.1,NP S DO 236 KC-1,NP

236 DUM-DUM.FP(KB)*V4(KBKC)*FP(KC)
EYP(IP)sSQRT(DUM)/(F*ALOG(10.))
IP*IP*1

238 CONTINUE
100

DO 2451 KEwl1,2
KPMwIP-1 S IF(KPM.LE.O) GO TO 2451

0 DO 246 KB*193 S ERF=ERFAC*FLOAT(KB-2)
IF(KE*NE.2) GO TO 2381 S IF(ERZ4.LT.1.5) GO TO 246 S ERFmERF*ERZ4

105 2381 CONTINUE
DO 243 KPmlKPM

243 YPE(KPI-XPfKP)+EYPIKP)*ERF
CALL PLTDTS(1,0,YPEYPpKPMv0)

246 CONTINUE
110 2451 CONTINUE

ENCEIDE(60p5,TEXT(l)) ERFAC
5 FDRMAT(*CONFIDENCE LIMITS FOR *,F4.1,* STANDARD ERRORS-*

CALL PLTS YMf .259,TEXT(I )p0o0j,XLEFTPY8OT-YSC*5eO0
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* 1'.5 IF(ERZ4#.GE.1.51 GO TO 14
ENCODE(31,1OTEXT(l)) ERZ4

10 FORMAT(*WITHOUT THE FACTOR ERZ u*vF6.39lH3P)
GO TO 16

14 ENCODE(40#15PTEXT(1)) ERZ4
120 15 FORMAT(*WITH AND WITHOUT THE FACTOR ERZ **,F6&3,1H))

16 CALL PLTSYM(.25,TEXT( 1),O.0,XLEFTYBOT-YSC*5.4)
IF(KK.NE.1) GO TO 24
ENCODE ( 38, 20, TE XT( 1) )

20 FORMAT(*ADJUSTED ARE OBSERVATIONS OF PRESSURE),*)
125 CALL PLTSYM(.25,TEXT(1),0.0,XLEFTYBOT-YSC*5.8)

GO TO 265
24 ENCODE(29#25PTEXT(1))
25 FORMAT( *ADJUSTED ARE OBSERVATIONS OF),*$

CALL PLTSYM(.25,TEXT(1),0.0,XLEFTYBOGT-YSC*5.8)
130 IF(KK.EQ.2) GO TO 195

IF(K.*EQ.3) GO TO 215
IF(K.EQo4) GO TO 235

195 ENCODE(22P205PTEXT(l))
GO TO 255

135 215 ENCODE(28#225PTEXT(l))
GO TO 255

235 ENCODE (19#245,TEXT(1))
255 CALL PLTSYM(.25,TEXT(1),0.0,XLEFTYBIOT-YSC*6.2)
178 FORM AT(3A 10p1H2')

140 180 FORMAT(St4CASE P12,6H, NXsvI1,SH, NPmpI1,1H)')
205 FORMAT(22HPRESSURE AN4D DISTANCE),)
225 FORMAT(2?HPRESSUREPDISTAN4CE AND TIME))
245 FORMAT(18HPRESSURE AND TIME>)
265 CALL PLTPGE

145 RETURN
END
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* 1 SUBROUTINE LOGSC(SCD1,SCPRSCTI, ANAME. DMIMAPPMMA,
ATM IM A.*SCL G IONB AD)

C THIS COMPUTES MINIMUM AND MAXIMUM PLOTTING LIMITS
C AND PLOTTING SCALE FOR LOGARITHMIC PLOTS

*5 C
C SCO!, SCPR, SCTI a SCALES TO BE USED WITH DATA IN CMPLSH
C ANAME *NAME OF CALLING PROGRAM
C
C THE FOLLOWING IS COMPUTED BY LOGSCA

10 C
C DMINA(2)#PMIMA(2)PTMIMA(2) - MINIMUM AND MAX[MUM VALUES OF DISTvPT
C REPRESENTING COORDINATE WINDOWS FOR LOGARITHMIC PLOTS
C SCIG1O - LOGARITHMIC SCALE DETERMINED SUCH THAT ALL QUANTITIES
C CAN BE LOGARITHMICALLY PLOTTED WITHIN A 15 X 15 CM SQUARE

15 C NBAD - ERROR INDICATOR. NBAD.EQ.O IF NO ERROR
C

DIMENSION DMIMA(2),PMIMA(2)PTMIMA(2)
COMM ON/CMP LSHIPM INP PMAX, OMI N, DMA X, TMIN, TMAX

C THIS COMMON BLOCK CONTAINS THE EXTREME DATA VALUES
20 C

N BAD. 0
IF(SCDI.GT.O..AND.SCPR.GT.O. .AND.SCTI.GT.0. IGOTO 25
NBADwI
PRINT 15,ANAMEPSCDIPSCPRPSCTI

25 RETURN
15 FORNAT(IHOIOX,15IN0 PLOTTING BY 9Ab,8H BECAUSE,

A33H PLOTTING SCALES ARE NOT POSITIVEI,1H ,lOX,
82OHDISTANCE SCALE SCDImv1PE12.5,IvlH vlOX,
C20HPRESSURE SCALE SCPR*,lPE12s5,/v1H ,91OX,

*30 020HTIME SCALE SCTIftvlPE12*5pl)
25 IF(PMIN.GT.0..AND.PMAXGT.0.)GOTO 55

35 NBADm2
PRINT 45,ANAMEPMINPMAXDMINDMAXPTMINTMAX
RETURN

35 45 FORMAT(1HOP1OX,15HNO PLOTTING BY PA6,8BH BECAUSE,
A45H DATA ARE OUTSIDE RANGE FOR LOGARITHMIC PLOTSPIP
B1H ,1OX,5HPMIN=,1PE12*5,7H PfiAXs,1PE12*5piv
ClH ,1O0Xv5HOMIN-,1PEI2.5,7H DMAX-olPE1265,to
D1H v10Xv5HTMINuplPEI2.5p7H TMAXu,1PE12.5,I)

40 55 IF(DMIN.LE.Oo..OMAX.LE.0o)GOTO 35
IF(TMINoLE.O..OR.TMAX.LE.O. IGUTO 35
AP-ALOG1O( PMINISC PR)
PMIMAC1)-AINI(AP)4AMIN1(0.pSIGN(1.,AP)
APsALOGIO(PMAXISCPR)

45 PMIMA(Z)=AINTIAP)iAMAX1(0.,SIGN(1.AP))
PMIMA(Z)=AMAXI(PMIMA(2),PMIMA(1).1.)
AP=ALOGlO ( MIN/SCDIl
DMIMA( 1)=AINTfAP).AMIN1(0.,SIGN(1., API)
AP=ALOGIO( DMAX/SCDI I

* 50 DMIMA(2)-AINT(AP).AMAX1(0.,SIGN(1., API)
DMIMA(2)-AMAXI(DMIMA(2),*DMIMAI1)+l.)
APsALOG10( TMINISCTI)
TMIMA(1)uAINT(AP)*AMINI(0.,SIGN(1.,AP))

it APwALOG1I TMAX/SCTI)
55 TMIMA(Z)=AINT(AP)+AMAX1(0., SIGN(1., API)

TMIMA(2)'AMAX1(TMIMA(2)PTMIMA(1)+1.)
PLOGRoPMIMA(2)-PN!MA( 1)
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PROGRAM OPREFIT(INPUTOUTPUTTAPE6uOUTPUTTAPE13)
C BLAST FIELD OVERPRESSURE FITTING, MAIN PROGRAM
C

LEVEL 2,XRALASLSTXPRPsVPRPPRPDVPRPD
*5 COMMON X(5,100)svR(5,S,100),ALAB(2,100),LSTX(100IPRP(4,5O),

1 VPRP(4,4,50),PRPD(4,50),VPRPD(4,4,50)
COMMONIPLOTIPD(6)PPLAOL(41

C
DIMENSION TITLEI 3),PAR(10)gVPAR(10, 10),PRDS(50)PPRDSD(5OI,0

10 1 PARDIM(1O)PVPDIMf1O,1Ol
DIMENSION PIN(5OIPIND(50hPTAR(50),TARD(50$,PRLAB(501
DIMENSION EXNUM3
DIMENSION TEND(5O)PTENDD(50)

C
*15 EXTERNAL SHOCKPPFIELD

C
CALL READAM(SCDISSCPRESPSCTIMETITLENSADI

C READ AMBIENT DATA
IF(NBAD.NE*O.AND.NBAD.NEo3l STOP

*20 C
CALL READSPINBADI

C THIS READS SHOCK FITTING RESULTS. THE PARAMETERS AND THEIR
C ACCURACIES WILL BE STORED IN PROPER COMMON STORAGES.

IF(NSAD.EQ.O) GO TO 5
25 PRINT 2,NBAD

2 FORMAT(1H #*ERROR IN READSPPNBADw *9151
S TOP

C
5 CONTINUE

30 CALL READPR(NRPROF)
C READ ALL OVERPRESSURE HISTORY DATA. NRPROF IS THE TOTAL NUMBER
C OF OVERPRESSURE HISTORIES (PROFILES) 114 THE INPUT.

IF(NRPROF.GTo0) GO TO 10
PRINT 7,tIRPROF

35 7 FORMAT(IH P*ERROR IN READPRPNRPROF= *P,1
STOP

10 CONTINUE
C

DO 45 KA-1,NRPROF
40 CALL SCALPR(SCDISSCPRESPSCTIMEKAKRALASLSTXP

A NRSETSTIMSHvPRSHDISHNBAD1
C SCALE IN SI-UNITS AND STORE ONE HISTORY IN K, 1 THROUGH NRSETS.
C SHOCK TIMEP PRESSURE AND DISTANCE ARE SCALED, TOO ._

IF(NBAD.EQ.0) GO TO 15
45 PRINT 12PNBAD

12 FORMAT(1H **ERROR IN SCALPRNSADa *PIS)
STOP

15 CONTINUE
C

50 CALL FITPR(XRALABLSTXNRSETSTIMSHPRSHDISHPAR,
A VPARP ERZ, TITLE#,SCDISSCPRESSCTIMENBAO)

C FIT THIS OVERPRESSURE HISTORY
IFINBAD.EO.O) GO TO 20
PRINT 17,NBAD

55 17 FORMAT(1H ,*ERROR IN FITPRPNBAD* *,15)
STOP

20 CONTINUE
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C
CALL DIMPAR(SCDISPSCPRESPSCTIMEPARVPARPERZPPARDIMVPDIM3

60 C COMPUTE DIMENSIONAL VALUES OF PARAMETERS AND VARIANCES (IN SI UNITS$
C

CALL PLTPNTS (X, R, ALABP NRSETS.9PRSH T IMSHP SC PRE SpSCTIME,
A PARDIMVPDIMTITLE)

C PLOT PRESSURE HISTORY AND OBSERVED NODES WITH ERROR ELLIPSES
65 C THE PLOTS WILL BE IN SI-UNITS. PAROIM IS ASSUMED TO BE IN SI.

C
DO 35 KB-1,3 S DO 25 KCml,3
VPRP (KBKCKAIOVPAR(KBPKC)

25 VPRPD(KBPKCPKAI)VPDIM(KBKC)
70 PRP(KBPKA)uPAR(KBI

35 PRPD(KBKA)mPARDIM(KB)
C STORE PROFILE PARA14ETERS, SCALED AND DIMENSIONAL

PROS(KA) *DISH S PRDSD(KA)aDISH*SCDIS
C STORE PROFILE DISTANCES, SCALED AND DIMENSIONAL

75 PIN(KAI-PRSH S PIND(KAI-PRSH*SCPRES
C STORE INCIDENTAL SHOCK OVERPRESSURES

TAR(ICA)uTIMSH S TARO(KA~sTIMSH*SCTIME
C STORE SHOCK ARRIVAL TIMES

TEND(KAI=X( IPNRSETS)
s0 DO 37 KBu1,NRSETS

37 TEND(KAI-AMAX1(TEND(KAJ.X(1,PKBI)
TENDD(KA)-TENO(KA)*SCTIME

C STORE HISTORY END TIMES
PRLAB(KA) =ALAB( 1.1)

85 C USE LABEL OF FIRST OBSERVATION TO IDENTIFY PROFILE
C

45 CONTINUE
C

CALL PRINPARIPRLABPROSTARPINPRPVPRP,
90 APRDS DTARD, PINDP PRPD, VPRPD, NRPROFPAREXNUP TITLE I

C PRINT SUMMARY OF PRESSURE HISTORY FITTINGS
C AND OBTAIN EXPONENTS EXNU AND INITIAL APPROXIMATIONS OF PAR

CALL PL TPAR(fNRPROF,-PR POPPRDSDP TITLE)
C PLOT HISTORY PARAMETERS VERSUS DISTANCE

95 C
CALL FTPFLD (SCDIS, SCP RES, SCTIrIETITLE# PRLABP PROS OtTARD,-

A PINDNRPROFEXNUvPARVPARERZNPNBAD)
C FIT ALL TIME vOVERPRE SSUREP DISTANCE DATA TO OBTAIN OVERPRESSURE FIELD
C

100 IF(NBAD.EQ.O) GO TO 50
PRINT 47,NBAD

47 FORMAT(IH ,*ERROR IN FTPFLDNBAD. *,15)
STOP

50 CONTINUE
105 CALL DIMFLD(SCISSCPRES, SCTIMEEXNU, PAR, VPARPERZPNP,

A PAROIMVPOIMvTITLEl
C COMPUTE DIMENSIONAL VALUES OF OVERPRESSURE FIELD PARAMETERS
C

SCDI.0 S SCPz1.0 S SCTwl.O
110 C SCALES ARE ONE IF DIMENSIONAL QUANTITIES ARE USED IN PLYLOC ARGUMENTS

CALL PLTLO C(P RDSDTAR DPTENOD, NRPROF, PAR DIM, VPDIMNPP
A SCDSCPPSCTPSHOCKTITLE)

C PLOT HISTORY LOCATIONS IN THE XPT PLANE
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its STOP
END
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1-

SUBROUTINE READAM(SCDISTPSCPRESSCTINE•TITLE•NBADI
C THIS ROUTINE READS TITLEP PLOTLABEL AND DATA CARDS DESCRIBING
C AMBIENT CONDITIONS AND THE CHARGE

5 C FIRST TWO CARDS ARE MANDATORY AND ALPHANUMERIC (TITLE AND PLOTLABELI
C THE REST OF THE CARDS HAVE THE FORMAT (ZA1O#6E10.31
C CHARGE CARD IS MANDATORY
C IF AMBIENT DATA ARE NOT PROVIDED THEN STANDARD AIR WILL BE ASSUMED
C

10 C SEQUENCE OF MANDATORY INPUT CARDS
C TITLE CARD (ALPHANUMERIC)
C PLOTLABEL CARD (ALPHANUMERIC)
C CHARGE CARD = VOLUMEP ENERGY* HIGHT* ERROR OF HIGHT
C

15 C THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUENCE
C AMBIENT - PoTEMPERATURE, GAMMA, MOLAR MASS
C DEFAULT VALUES CORRESPOND TO A STANDARD AIR
C SCALES a SCALES OF RvPT TO BE USED IN COMPUTATIONS
C DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110

20 C PLOTTING DATA a ERROR FACTORS FOR THE PLOTTING OF CONFIDENCE
C LIMITS IN HISTORY PLOTS
C DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS
C
C END OF INPUT IS INDICATED BY A BLANK CARD

25 C
DIMENSION TITLE(31
DIMENSION D(PIPAMSTAR(4-
COMMON/AMBCHAIAIRPRPAIRTEMPAIRGAMAIRMOLCHARVOCHARENP

ACHARHI•CHARHER
30 COMMONIPLOTIPD (61PLABL(4-

DATA(TITL "1OHTITLE )v (PLABeIOHPLOTLABEL I
DATA (BLANK=1OH )l(AMB.IOHANBIENT '
DATA (CHA-1OHCHARGE I
DATA(PLTIOHPLOTTING Dl,(SCAL"1OHSCALES R•P)

35 15 FORMAT(IHIPIOX92OHINPUT READ BY READAMN/v1H ,1OX20(ZH-I, I
25 FORMAT(BA10)
26 FORMAT(IH vlOX8A.0.

35 FORMAT(ZA1O6EEl0o 3)
38 FORMAT(1H v 5Xp2Al0v6(2X,1PE14.?))

4O '0 C
P0(1 1.2.0

C DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES
P0(21°2.0

C DEFAULT VALUE FOR PLOTTING FIELD HISTORIES (PPVPRHO•V**2*RHOIZ.l
45 AIRPR-101325.0 S AIRTEM293,O S AIRGAN-l.4.

AIRMOL-O.02896 S AIRDEN(AIRNOLIS.31431*(AIRPRIAIRTEMI
C THESE ARE STANDARD AIR DEFAULT VALUES FOR AMBIENT CONDITIONS
C

NSCALeO $ NAMSTAR8O
50 NAMB"O S NCHA"O

DO 37 Jal,''
3? AMSTAR(J)lH

PRINT 15
DO 46 KK=1•2

55 READ 25v(D(JivJ-Iv)-
PRINT 26,p(OiJlvJu1.8)
IF(D(119EQeTITL I GOTO 42
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IF(D(1)*EQ*PLABI GOTO 44
PRINT 48 S NBAD-1 S RETURN

60 C
42 DO 43 KAuI,3
43 TITLEIKA)aD(KA+1)

GOTO 46
44 DO 45 IAul,4

65 45 PLABL(KA=D(KA41)
46 CONTINUE
C

47 READ 35v(D(J)pJslv8)
PRINT 36,(D(JlJul,8l

70 IF(D(1b.EQ*ANBIGOTO 5
IF(D(l.*EQ*CNA)GOT0 65
IF(D(1l.EQoPLT) GOTO 66
IF(D(1).EQoSCAL) GOTO 68
IF(Dfl).EQoSLANK) GOla 69

75 475 PRINT 48 S NBAD=2 S RETURN
48 FORMAT(1I40,1OXI13HIMVALID INPUT)

C
55 IFINAMB.EQo1)GOTO 475

C ONLY ONE AMBIENT DATA CARD WILL BE CONSIDERED
8o NA146ol

IF(O(3l.Gl.OsIAIRPRD0(31 S IF(D(41*GT.0.IAIRTEM*D(41
IF(D(5)oGT*O*)AIRGAHmD(5) S IF(D(6l.GT.OdlAIRMOLDO(6J

C IF INPUT IS ZERO THEN USE AIR DEFAULT VALUES
DO 57 KAml,4 S AMSTAR(KA)wU4

85 IF(D(KA*21*GT*0.J GOTO 57
AMSTAR(KAI)1H* $ NAMSTARal

57 CONTINUE
AIRDEN- (AIRMOLI8.3143 )*( AIRPR/AIRTEMI
GOTO 47

90 C
65 IF(NCHAE~o.1GOTO 475

CHARVODO(31 S CHAREN-O(41
CHARHIsD(S) S CHARHERuD(61
NC HA 31

95 GOTO 47
C
66 DO 67 KA*1,6
67 PD(KA)=D(KA*21

GOTO 47
100 C PLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT

C PD(11- ERROR FACTOR FOR PRESSURE HISTORIES
C PD(2)s ERROR FACTOR FOR OTHER FLOW HISTORIES
C
be6 NSCAL-1

105 SCD-D(3) S SCPaD(4) S SCT*Df5)
C SCALE CARD OVERRIDES SCALES COMPUTED FROM AMBIENT AND CHARGE DATA

IF(SCD.GT.0..AND.SCP.GT.0..ANO.SCT.GT.0.I GOTO 47
NSCAL=O S PRINT 681

681 FORMAT(IN PIOX,36iNON-POSITIVE SCALES ARE NOT ACCEPTED)
110 GOTO 47

t C
69 IF(NCHA.EQ.0.OR.NAMB*EQe0) PRINT T0
70 FORMAT(1I4O,1OX,*16HINCOMPLETE INPUTI

75 PRINT1O6#(TITLElJIJwl,3)
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115 106 FORMAT(1141,I1H ,1OXPSI4EVEt4TIP1H rI0Xv 5(IH-1vI1H~o,5Xp3A10,III
PRINT 107

107 FORMATI1HOP1OX,18HAIBIENT COt4DITIONS9l,1H ,10K,18(1IH-19I)
IF(NANB.EQ.03 PRINT 1071

1071 FORMAT(1M0,1OX#36HTHE FOLLOWING AMBIENT CONDITIONS ARE,
120 A 1,114 ,1OX,27HSTANDARD AIR DEFAULT VALUESI)

PRINT 108,AMSTAR(13,AIRPRAMSTAR(2),AIRTEMAMSTAR(3),AIRGAMv
A AMSTAR(4),AIRMOL -

108 FORMAT(1H ,13X, AlpIX, 8HPRESSURE,11IX,7HAIRPR *,1PE12*5,4H PAI,
A 114 ,13X,*A1,1X,11HTEMPERATURE,8X,7HAIRTEMO,1PE12.5,3H Ki(,I

125 B 14 j,13XA1,1X,164SPEC. HEAT RAT1O,3X,7HAIRGAMs,1PE12*5,I,9
C 114 v13XvA1,1Xt10HMOLAR MASS,9X,7HAIRMOLu,1PE1Z.5,9H K6/MOLEt11
AIRSND-SQRT(AIRGAM*AIRPR/AIRDEN)
PRINT 109,AIRSNDAIRDEN

*109 FORMAT(1H P15XP11HSOUND SPEED,8X,7HAIRSNDu,1PE12o5v5H MISPIP
130 A 1H ,15X,7HDENSITY,12X,7HAIRDEN,1PE2594 KGIM**3*I)

IF(NAMSTAR.EQ*1) PRINT 1081
1081 FORMAT(1H ,13XP354* THE STARRED DATA ARE STANDARD AIR,

A 15H4 DEFAULT VALUESI)

135 IF(NCHAeEQ.1) GOTO 1100
NBADw4 S PRINT 1101,NBAD S RETURN

1101 FORMAT IHOPlOX, 29HRETURN FROM READAM WITH NBAD0,12,
A 33H4, BECAUSE CHARGE DATA ARE MISSING)

C
140 1100 PRINT 110

110 FORMAT(1HO,1OX,18HCHARGE DESCRIPTIONI,1H ,oIX,18(1H-J,/)
PRINT 111, CHARVOPCHAREN

III FORMAT(1H ,15X,9134CIARGE VOLUME,6XPHCHARVO,1IPE1Z.5,6H M**3v/v
A 1H4 P15XP13HCHARGE ENERGY,6Xv7HCHARENsv1PE12*5v34 JI)

145 SCDISTuCHARVO**(1./3.)
PRINT 1110,CHARHICHARHER

1110 FORMAT(1H ,15X,16HCHARGE ELEVATION,3X,7HCHARHIu,1PE12e5,4H *
A 1PE12.5,3H Mo,l
SCTIMEwSCDISTIAIRSND

150 SCPRES*AIRPR
SCEVEN-CHARENIE CHARYO*AIRPR)

4 PRINT 112
112 FORMAT(1HO,1OX,?HSCALINGI,1N ,1OX,7(1H-1,II

PRINT 1139SCDISTPSCTINEPSCPRESSCEVEN
155 113 FORMAT(IH ,915X*I2HLE#4GTH SCALE,4K,2OHSCDISTUCHARVO**(1l3),

A 2Xv1H-vlPE12.5,v3H MI,
B 114 *15XP1OHTIME SCALE,6X,2OI4SCTIMEuSCDISTIAtRSNDv
C 2XvlHu,1PE12e534 So/#
O 114 ,15X#14HPRESSURE SCALE,*2XPI3ISCPRESsAIRPR ,

160 E 9K,114uIPE12e5,4H P Atl,
F 114 ,15X,14HSCALE OF EVENTZX,21HCHARENI(C14ARVG*AIRPR),
G IXv lHap IPE12 *59,1
IF(SCEVEN.EQ.0*0)PRIMT 114

114 FORMAT(114 915X,3OI4EVENT CANNOT BE SCALED BECAUSE,
165 A29H CHAREN IS NOT GIVEN BY INPUTII

IF(NSCAL.EQ.O) GOTO 115
C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ

SCOIST*SCO S SCPRESwSCP S SCTIME*SCT
170

115 PRINT 1169SCOISTPSCTIMEPSCPRES
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116 FORMATH iN ,iIIH 91OX#27HSCALES USED IN THIS PROGRAMPIP

A 1H vlOX,27f1H-)vll,1H 92OX916HLENGTH SCALE O,1PE12.5,3H qI

B IH #20X#16HTIME SCALE a,1PE12.5,3H S,1,

175 C 1H P20X,16HPRESSURE SCALE =,1PE12,5,4H PAI

N BAD -0
RETURN
END
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I SUBROUTINE READSP(NBADI
C
C THIS ROUTINE READS SHOCK PARAMETERS NAD THEIR ACCURACIES

CCOMM ONICOMSHKINP SoPAR (41p VPAR( 494)PSC DoSCPPSCT

C OMMON/CF ZDERIGAMC APPSNDSPO, CF PAR (4 19ALOW9 CFSCDv CFSCP C FS CT
COMMONIAMBCHAIAMPPAMTPAMGvAMMP AMCHVPAMCHEvANCHHAMqCHHE

C
DIMENSION DAT(8),ER(4)pCOR(4p4l

10 DIMENSION DSI(4),PDSC(41,DPR(4)
C

DATA(PLs1OHSHOCKPAR tELu1OHSHOCKPARER3,(CLuIOHSHOCKPARCO),
A (SCLO0HSHOCKSCALE),(BLuIOH I

C
15 DATA DSI/1OHPA*M PlOt4PA*M**2 ,1ONPA*M**3 v

A 1OHS I
DATA DSCl10HSCP*SCD ,IOHSCP*SCD**2,1ONSCP*SCD**3,
A IOI4SCT I

20 KPLml S KELsl S KCLa1 S KSCu1
PRINT 12

12 FORMAT(1H1,10X92OHINPJT READ BY READSPvI)
15 FORMAT(2A10,6El0.3)
25 FORMAT(IH P5Xp2A10v6(ZXvlPE14.7))

25 35 READ 15,(DAT(J)JuIBI
PRINT 25p(DAT(J),Jai,83
IF(DAT(1).EQ.PL) GOTO 55
IF(DAT(1).EQ.EL) GOTO 75
IF(DAT(1).EQ.CLI GOTO 95

30 IF(DAT(l).EQ.SC) GOTO 115
IF(DAT(1I.EQeBL) GOTO 125
NBADa1i PRINT 45 S RETURN

45 FORMAT(1H0u1OX,13HINVALID INPUT)
35 C

55 DO 65 KAuI,4
65 PAR(KA)=DAT(KA.2)

DALOWuDAT (73
IF(DALOW.GEol.OE-90) GOTO 67

j 40 PRINT 66,DAT(6)
66 FORMAT(lH P1OX#'5-Tti NUMBER ON PREVIOUS CARD SHOULD BE

A $POSITIVE INDICATING SHOCK DISTANCE AT Ta.'1PE12.5)
NBADv66 S PRINT 45
RETURN

45 67 CONTINUE
K PL* 0

pGOTO 35
C
75 DO 85 KA1,p4

50 85 ER(KA3*DAT(KA.2)
KEL*O
GOTO 35

C
IL95 COR(1,1)s1. S COR42v21819 S COR(3#3I11 S COR(4*4)11

55 COR(1,2)nDAT(3) S CORI2,1)*COR(IPZ)
COR(l,3)=DAT(4) S COR(3pl)oCOR(1,3)
C OR(Iv4 0 A T 51 S COR(4911.COR(1#41
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CDR( 293)u DAT(6) S COR(3,2)=COR(2v3)
COR2v4)-DATI7) S COR(4#2)&COR(2,'el

60 COR(3p4)=DAT(8) S COR(4,93)=CORl3,v4)
KCLsO
GOTO 35

C
115 SCDmDAT(3 I S SCPwDAT(41 S SCTuDAT(5)

65 KSCwO
GOTO 35

C
125 IF(KPL.EQ.0.AWO.KEL.EQ.0.AND.KCL.EQ.O.AND.KSC.EQ.0)GOTO 145

NB AD 2
?o7 PRINT 135 S RETURN

135 FORMAT(1HOP10XP16HINCaMPLETE INPUT$
C
145 4PSs4

&.LOI' 'ALOW*SCD
75 GAMCAPa(1.*AMG)/(2.*AMG))lAMP

SNDSPD=SQRT(AMG*AMT*( 8.3143/AM)
CFSCDs1. 6 CFSCP-1. S CFSCToZ.

C 1CF20ERI IS NEEDED FOR SHOCK ARRIVAL TIME COMPUTATIONS
DO 155 KAmlp4 S DO 155 KB-1#4

so 155 VPAR(KAKB)sER(KA)*COR(KAKB)*ER(KB)
N BADs*
PRINT 165

165 FORMAT(1HOv12X916ISHOCK PARAMETERS,4Xv6I4ERRORSp5X,
A 10OHENSIONSuI)

*85 IF(SCD.EQ.1..AND.SCP.EQ~l..AND.SCT.EQ.1.) GOTO 167
DO 166 KAm1,4

166 DPR(KAlsDSC(KA)
OtSDIu1OI4SCD
GOTO 169

90 167 DO 1bS KAwlp4
168 DPR(KA) =DS I(KA)

OISD[-1OHME1'RES
169 PRINT 175,((PAR(J),ER(J),DPR(JI),Jal,4)
175 FORMAT(IH ,14X,1PE12Z.5,4X,1PE1Oe3,2XvA1O)

95 PRINT 178PDALOWPOISDI
178 FORMAT(1HO,1OXP43HT4E LAST PARAMETER IS SHOCK ARRIVAL TIME AT,

A 2XvIPE12.5v2XvAl0l
PRINT 185

185 FORMAT(11 ,III,1H ,15XP*SHOCK PARAMETER CORRELATION MATRIX**/$
100 PRINT 195,((COR(JKI*Kslv4)vJu1*4)

195 FORMAT(4(114 t1OXv4(2XvOPF1O.71,I))
PRINT 205

205 FORI AT(IH viII,1H P15X*16HSHOCK PARAMETER t
A 26HVARIANCE-COVARIANCE MATRIXI)

105 PRINT 215,((VPAR(J,*KIPKmlp4)#Js1,4)
215 FORMAT(4(IH v10X,4(2Xv1PEI2.51,I))

PRINT 225
225 FORMAT(IH 9III,1H 916XP22MH514CK PARAMETER SCALESII

PRINT Z35vSCDvSCPvSCT
110 235 FORPIATIH P15XP12HLENGTHI SCALE#4XSHSCD sp1PEIZ.534 MlI,

SA 1H4 915XP 14HPRES SURE SCALE,2XSHSCP a,1PE12*594H PAI,
8 114 915X,1OHTIME SCALEv6X,5NSCT u,1PE12o5,3H S)

RETURN
END
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1 SUBROUTINE REAOPR(NRPR)
C THIS READS PRESSURE HISTORIES FROM CARDS
C

COMMON/IANBCHAIAPR, ATEpAGA, AMO, CVOCENP CHIP CHI ER
5 COMMONICONPR/TP(2,5000)PERTP(Z,5000),ALBIZ,5000INSET(5O),

I DIST(50)PERDIST(5O)
LEVEL 2,TPERTPALBI4SET,*DISTERDIST
DIMENSION D(81

10 DATA (TINPREa1OHTIMEPRES ),(RANGEL=IOHRANGEPELEV)
Aj,(BLAI4K-1OH3

C
PRINT 6

8 FORMAT (1H19 lOXv20HINPUT READ BY READPRvl)
15 NRPRmO

9 FORMAT(2A10#6(Elo.3)3
10 FORMAT(1H v5X,2Al0v6(2Xp1PE12*53)
12 READ 9,(D(J3,Jn1,63

PRINT 1O,(D(J),Jul,6)
20 IF(D(13.EQ.BLANK) SOTO 15

IF(DCZ3.EQoTIMPRE) SOTO 35
IF(D(2).EQ.RANGEL) SOTO 55

C
15 IF(NRPR.EQo0) RETURN

25 PRINT 18PDIST(t4RPR)PERDIST(NRPRI
PRINT 17,NRPRNSET(NRPR)
IF(DISTfNRPR).GT.0.) SOTO 16
PRINT 40PALB(loNRST)
NRPRwNRPR-1 S NRSTmNRST-KST S KST-O

30 16 CONTINUE
RETURN

17 FORMAT(11 t5X,2OHNUMBER OF SETS NSEI(,13,2H1,1I4,II
1s FORMAT(1H0,SX#1OHDISTANCE -,1PE12.5v4H *- ,PE9.21
C

35 35 IF(NRPRoGTe0) SOTO 39
NRPRu1 S KSTwO S NRST*1
DIST(NRPR)s0. S ERDIST(t4RPRI-0.
GOTO 4#5

40 39 IF(0(I).EQ.ALB(1,NRS131 GOTO 45
PRINT l8p DIST (NRPR)vE RDIST(NRPR)
PRINT 17*NRPRNSET(NRPRI

IF(DIST(NRPR)*GT.0.) GOTO 41
45 PRINT 40*ALB(1,NRST)

NRPR*NRPR-1 S NRST=NRST-KST S KSTsD
GOTO 12

40 FORMAT(114 t5XP29HPREVIOUS DATA SET WITH LABEL gAlb,
A 46H4 NOT ACCEPTED BECAUSE DISTANCE CARD IS MISSINGPI)

50 41 IF(NSET(NRPRI.GTo3) GOTO 43
PRINT 42#ALB(1,NRPRI
NRPRsNRPR-l S NRST-NRST-KST S KSTwO

55~ ~ ~ ~ST A 12NTACPE EASENME FDT ES
42 FORMAT(11 ,SX#29HPREVIOUS DATA SET WITH LABEL vAla,

A 1814 IS LESS THAN FOURPI)
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43 CONTINUE
NRPRmNRPR41 S KSTsO S NRSTsNRST*1

60 45 IF(KST.GT.0) NRST-NRST*1
K ST K ST* 1
ALB( 1,NRSTIuD(Il

47 FORMAT(54 PT. P14,1H)
ENCODE (10v 47p ALB( 2,NRST)I )KST

65 TP(IPNRST)sC(3) S ERTP(1.NRST)*D(4)
TP(2,NRSTI=D(5) S ERTP(2*NRSTaD(6)
MSET(NRPRI=KST
GOTO 12

C
70 55 IF(D(3)oGTe0..AND.D(4l.GT.0.) GOTO 57

PRINT 56
GOTO 12

56 FORMAT(H #5Xv38HCARD NOT ACCEPTED BECAUSE DISTANCE ORP
A 2214 ERROR IS NOT POSITIVE*/)

75 57 IF(NRPRoGTo0 ) GOTO 59
NRPRm1 S KSTmO S NRSTal
DIST(NRPR3v0. S ERDIST(NRPR)=0.
GOTO 65

59 IF(D(13.EQ.ALB(lNRSTl) GOTO 70
80 PRINT 18,oDIST(NRPR),ERDIST(NRPR)

PRINT 17PNRPRPNSET(NRPR)
IF(DIST(4RPRI.GT*0.) GOTO 61
PRINT 40,ALB(IPNRST)
NRPR-NRPR-1 $ NRST=NRST-KST S KSTu0

85 61 CONTINUE
NRPR*NRPR.1 S KST&0
NRST-MRST*1

65 A L B ( lNRST Ia D ( I
70 DSQmD(3i**2*(cHI-D(5p **z

90 DIST(NRPR)nSQRT(DSQI
ERSQs(D(3)*D(4))**2IDSQ,(CHI-D(533**2*(D(4)**24D(63**2)IDSQ
ERO[ST(NRPRI-SQRT(ERS01
GOTO 12
END
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I SUBROUTINE SCALPR(SCDISTSCPRESSCTIMENRCASE.
AXPR, ALABvLSTXgNRSETS, TINSHoPRS NoD IS HPNBAD)

C THIS ROUTINE TAKES PROFILE DATA FROM COMPR AND STORES THEM
C IN ARRAYS X, 1 THROUGH NRSETSP FOR ADJUSTMENT BY COLSAC

5 C THE DATA ARE ALSO SCALED USING THE SCALES IN ARGUMENT LIST
C USES SUBROUTINE SHOCK TO COMPUTE SHOCK VALUES AT PROFILE DISTANCE
C

LEVEL 2PX#RPALAB#LSTX
DIMENSION X(5,100IR( 5,5, 100).ALAB( 2, 1003LSTX(100)

10 COMMONICOMPRITPPR(2,5000),ERTPPR(2,5000),ALBPR(2,S0003,t
1 NSETPR(50),DISTPR(50),ERDIPR(50)

LEVEL 2,TPPRERTPPRALBPRPNSETPRDISTPRPERDIPR
N BADm*
NRSETS*NSETPR(NRCASE) S IF(NRSETS.LE*0)GOTO 45

15 KIN-1 S IF(NRCASE.EQ.1)GOTO 25
DO 15 KA-2ZNRCASE

15 KIN=KIN+NSETPR(KA-1)
25 KENsKIN.NSETPR(NRCASE)-l S KSTuO

20 DO 35 KAmKINKEN
KST=KST*1
X(1,KST)*TPPR(lvKAlISCTIME
XI 2,KST)-TPPR(2,KA)ISCPRES
R(It1,KST).(ERTPPR(lKADISCTIME)**2

25 R (2v 2 vK ST I aIERTP PR (2v KA) /SC PRE S I** 2
R(1,2pKSTls0 S R(2,1,KST)*0 S LSTX(KST)n0
ALAB(IKST)*ALBPR(IKA) S ALAB(2vKSTlsALBPR(2,KA)

35 CONTINUE
C

v- 30 DS -01ST PR ( NRC AS E
CALL SHOCK( DSTSP PSOVP US#,UPRHONBAD)
IF(NBADeNE.0) RETURN

C SHOCK RESULTS ARE IN SI UNITS- SCALE THE OUTPUT ACCORDING TO
C SCALES IN THE ARGUMENT LIST.

35 TIMSH*TSISCTIME
P R SH a PS OVIf S C P RE S
DISH*DSISCDIST
RETURN

45 NBA~wl S RETURN
40 END
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1 SUBROUTINE FITPR(XRALABLSTXNRSETTIMSHPRSHDISHPARVPARERZ
A TITLESCDISSCPRESSCTIMENBAD)

C THIS FITS THE ONE PRESSURE HISTORY WHICH IS STORED IN X
C THE SUBROUTINE IS CALLED FROM MAIN AFTER THE DATA HAVE BEEN PREPARED

5 C BY CALLING SCALPR
C

LEVEL 2#XRPALABPLSTXPXCPCtLSTNPWORK
COMMON/SCRCH/XC( 5,100),C15,100)i'LSTN(100),*WORK(12560)

C
10 DIMENSION PAR(10),VPAR(IO,1O),ERP(10),V(1O,102,TITLE(3I

DIMENSION X(5,100),R(5,5,100),ALAB(2,100),LSTX(100) '
DIMENSION PPR(1O)

C
COMMON/IPSTS IPSP TS

15 C
EXTERNAL EXPON

C
P5UP R S P-0SN=26

20 TS=TIMSHNPUOs W-50
C STORE SHOCK OVERPRESSURE AND ARRIVAL TIME IN COMMON /PSTSI
C COMMON /PSTSI IS USED BY THE CONSTRAINT SUBROUTINE EXPON

CALGUESS( XpPPR#NRSETpTIMSHpPRSHl
C GUESS COMPUTES INITIAL ESTIMATES OF PRESSURE PROFILE PARAMETERS

25 DO 15 KP1,1O0

15 PAR(KP)=PPR(KP)h. NR-NR SET
NP-3 S ITYPEuO

30 IF(NRSET.LT.3) GOTO 37
CALLCOLSACA(XR, ALAB, LSTXNX, NRPPARNPPEXPONP ITYPEP XCvCqLSTNvNRGDq

1 ER!, VPAR, ERPLBADNXDNPD, WORKNWI
IF(LBAD.EQ.O) GOTO 45

C SUBSEQUENT CALLS TO COLSACA ARE EXECUTED ONLY IN CASE OF
35 C CONVERGENCE PROBLEMS

C
DO 25 KP1,1O0

25 PAR(KP)*PPR(KP)
NP-2 S PAR(3)=O

40 ITYP E 4
FCALLCOILSACA(XR, ALAB, LSTXPNXNRPPARNPPEXPONITYPEXCCLSTNPRGD,

1 ERZVPARERPLBAD,NXD#NPDWORKNW)

IT YP Ea*
45 CALLCOLSACA(XRALABLSTXNXNR,PARNPEXPONITYPEXCCPLSTNNRGD,

1 ERZVPARERPLBADNXDNPDWORKNWI
0 IF(LBADoEQ.O) GOTO 45

I TYPE- 4
DO 35 KPmu1

50 35 PAR(KP)=PPR(KPI
37 C ALLCOLSACA( XRALAB, LSTXNX NRPARPNP, EXPON, ITYPE, XCC, LSTNNRGD,

1 ER!, VPARERPLBADNXDNPD, WORKNW)
IF(LBAD*EQ.25) ITYPEal
IF(LBADoEQ.25)

55 AC ALLC OLSAC A(XRALAB LSTXNX RPARNPEXPON I TYPE#,XC*CLSTNNRGDP
1 ERZVPARERPLBADNXDNPDWORKNWJ

C
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C NEXT PRINT THE RESULTS OF FITTING
45 CALL PRTPNTS( X, RoALASP XCP CPNRS ETP TIMSHP PRSHOI SHPTITLEP

60 A SCDISSCPRES,SCTIME)
NBAD-LBAO
RETURN
END
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1 SUBROUTINE GUESS(XPARvNRTSpPSI
C THIS ESTABLISHES INITIAL APPROXIMATIONS OF PAR
C x = TIME AND OVERPRESSURE
C PAR a MODEL PARAMETERS ApBC IN THE MOPEL

5 C P--C,(PSCI*EXP(A*TAU,8*TAU**2),
C TAU-T-TS. PAR IS OUTPUT FOR THIS ROUTINE
C NR NUMBER OF DATA POINTS
C PSTS aSHOCK OVERPRESSURE AND ARRIVAL TIME

10 DIMENSION X(5pl00),PAR(1O)
LEVEL 2#X

COMMON/GUECMIAN(3,31, RS( 3),W(18)
DOUBLE PRECISION ANRSmWvDET

15 LEVEL 2,ANRSU

IF(NR*GT.3)GOTO 25
bi PRINT 15PNR

RETVURN
20 15 FORMAT(lHOP40(1H*lpIH j,10X,12HERRORt RETURN,

A35H FROM SUBROUTINE GUESS BECAUSE NR *,13,
B28H IS TOO SMALL FOR ADJUSTMENTP/IH0,40(IH*ll

25 PMINsPS
25 0O 35 KAm1,NR

PMIN=AMIN1(PMINPX(2,KAjI
35 CONTINUE

C TIS ESTABLISHED LOWEST VALUE OF OVERPRESSURE

30 CMINU-PS*O.5
CMAXnAMIN1( 0. PMIN-PS*O.O5)
C -CM AX

C INITIAL GUESS FOR PARAMETER C
IF(CMIN*LTaCMAX)GOTO 55

35 PRINT 45,PSPMIN
RETURN

45 FORMAT(IHO,40(lH*l,1,1H ,1OXP17HERROR RETURN FROM,
A30H SUBROUTINE GUESS BECAUSE PS a,1PE12*5,
B12H AND PMIN *,1PE12,59IIH ,40(1H*ll

40
55 ltTsO

CKIT IS ITERATION COUNTER
NX*3 $ NAu3 S KINa1

C NEXT ESTABLISH NORMAL EQS FOR SIMPLIFIED PROBLEM

45 56 00 75 KAal,3S DO 65 KB*1,3
65 AN(KAPKB)a0
75 RS(KA)-O

50 00 85 KAI,NR
TAU-X( 1,KAI-TS
ROs(PS-X(2,KAI))((PS-C)*(X(2KAI-CDI

P AL=ALOIG((X(2pKAJ-CI/(PS-CI)
W EuI X 2,PKA)I-C)** 2

55 AN(li,1DAN(1,1I.WE*TAU**2 S AN(1,2leAN~1,2lWE*TAU**3
AN(19,3)sAN(1,3)+WE*RO*TAU S AN(2,21uAN12,2) +WE*TAU**4

e..AN(2, 3)OAN(2,3)4WE*RO*TAU**2 S AN(3#3)-AN(3#3).WE*RO



RSilleRS( 11+WE*TAU*AL
RS (2 )RS(21*.WE*TAU**2*AL

60 RS(3laRS(3)*WE*90*AL
85 CONTINUE

AN(2p1)mAN(1,2) S ANf3#1)wAN(i,3) S AN(3,23=AN(2v33

65 CALL MTRINDB(ANNXRSPNAKIN#DETvW)
C THIS SOLVED THE NORMAL EQUATIONS

IFINXoEQo2.OReDET.NE.O.) GOTO 95
NXm2 S NAm3 S KIN-i
GOTO 56

70 95 CONTINUE
EPS-RS(3) S IF(NX.EQ.2) EPSmO.
CoAMAXiICNINAMINI(CGEPSCMAXI 3
KIT*KIT~i
NX-3 S NA*3 S KINwi

75 IF(KIT.LT*4) GOTO 56
C ITERATE THREE TIMES

PAR(1)=RS(lI S PAR(21*RS(2) S PAR(3)u-C
RETURN

so END
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1 SUBROUTINE EXPON(XPKAPPARFFXFPFKXXFXPFPP, NSAO)
C CONSTRAINT FOR 3-PARAMETER PRESSURE HISTORY FITTING BY FITPR
C F a IPS.C)*EXP(A*TAU.B*TAU**2)-C-Ps TAUmT-TS

C TwX(l) S PsX(2)IA: LEVEL 2PXPFXFPPFXXFXPFPP
DIMENSION X(5,100),PAR(1OIFX(5)PFP(1O) ,FXX(5,5),FXP(5,10),
1 FPP(l0,10I
COMMONIPSTSI PSTS

10 C
N BAD. 0
AuPAR(I32.*PAR(2)*(X(1,KA)-TS )
B*X( lvKA)-TS
Aft~u(PAR(21*B.PARf1J)*B

15 IFIARG.LT.700el GOTO 15
NBADm1 S RETURN

15 IF(ARG.LT.-650ol EXPQ~o.
IF IARGeGE.-650. )EXPQsEXP(ARG)

C THIS AVOIDS OVERFLOW OR UNDERFLOW IN THE EXP ROUTINE
20 PC-PS+PAR(3)

PEX- PC*EXPQ
FmPEX-PAR(3)-X(2pKA)
FX(l) mA*PEX
FX(Z)-1

25 FP(1).S-*P;EX
F P(21 nb**2*'PEX
FP(33 uEXPQ-1.

C SECOND DERIVATIVES
FXX( 1,1).PEX*(2**PAR(21+A**21

30 FXX(1#2)*O.O
FXX( 2,1 P0.0
FXXI 2,21w..
FXP( 1,1 1PEX*(l..B*Af
FXPI 2,11-0.0

35 FXP(l1,21*PEX*(2.*B*8**2*A)
FXP( 2,21-0.0
FXPIlo,31-EXPQ*A
FXP( 2,31-0.0
FPP( l,1)-PEX*B**2

40 FPP(1,2IuPEX*IB**3
FPP(2,1l-FPP(1,21
FPP(1,31.EXPQ*B S FPP(3o11.FPP(l,3i
FPP( 2,2)-PEX*B**4
FPP( 2,3)uFPP( l,3)*B S FPP(3,21-FPP(2,3)

45 FPP(3#31-0
RETURN
END
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SUBROUTINE PRTPNTS( XRALABXCCNRTS, PSDSTITLE,
A SCDISPSCPRESPSCTIME)

C THIS IS CALLED FROM FITPR TO PRINT THE SINGLE HISTORY
C ADJUSTMENT RESULTS

S C
DIMENSION X(5,100),R(595, 1003, ALASI 2, 1003,C(5,1003

DIMENSION C(5pl003,TITLE(3)

10 LEVEL 2,XPRPALABPXCPC *
10 NSI 1

HTXDu3HM S HTXPm3HPA S HTXTs3HS
TXT=5H (S) S TXPisH(PA)
IF(SCDIS.EQ.1..AND.SCPRES.EQ.1..AND.SCTIME.EQol.) GOTO 5

15 NSI*O
C NSIaO INDICATES THAT COMPUTATION IS NOT IN SI UNITS

HTXDw3HSCO S HTXPu3HSCP S HTXT-3HSCT
TXTs5H(SCT) S TXPs5HISCP)

5 DO 100 JuINR
20 IF(MOD(JP40).NE.1) GOTO 45

PRINT 10, (TITLE (K3,Km 1#3) DSPHTXDPPSPHTXPTSPHTXT
10 FORMAT(15XSHEVENTSX,3A10,45X,21HHISTORY DISTANCE

A IPElO.3,2XvA3,I,1H ,SXP5(1H-ISOX,21HSHOCK OVERPRESSURE
* 25 B IPE1O.3,2XPA3v/,1H P90XP21HSHOCK ARRIVAL TIME a

C 1PElO.3v2X.A3,9/)
PRINT 20

20 FORMAT(1H #24X.,43HADJUSTMENT OF A SINGLE OVERPRESSURE HISTORY0I3
PRINT 30,TXTiTXTTXTvTXTPTXPTXPPTXPPTXP

* 30 30 FORMAT(IH ,8X,6HLABELS,14X,4HTINE,7X,9HSTD.ERROR,3X,
A 1OHCORRECTION, 4X,9HCORR.TIME, 2X,12HOVERPRESSURE,3X,
8 9HSTD@ERROR,3XIOHCDRRECTION,4X,1OHCORR.OVPR.,/v
C lIH ,22X,8(6XAS,2X3,I)

40 FORMAT(1H3
35

45 RI-NSORT(R(1,1,Jl3
R2-SQRT(R (2,J3 I3
PRINT 50, ALAB(1,JIALAB(2,J ),X(1,J),R1,C(1,J),XC(1,JIX(2,J),

1 R2,C(2#JIPXC(2tJI
40 50 FORMAT(IH ,ZXv2A10v1P,8(3XE1O.333

75 IF((JIS)*5.EQ.J) PRINT 40

IF(J.NE.NR.AND.MODIJ,403.NE.0. IGOTO 100
IFINSIeEQ.1) GOTO 100

45 C PRINT SCALES IF SI-SCALES WERE NOT USED
PRINT 115PSCDISPSCPRESPSCTIME

115 FORMAT(IH *,,1H P21X#31HTHE DATA ARE SCALED AS FOLLOWSS5X#
A 16HDISTANCE SCO w , 1PE12.5,3H MI,1H P57X,

50 B 16HPRESSURE SCP a v1PE12o5v4H PA,/IH 957K,
C 16HTIME SCT a PIPE12*5,3H S)

100 CONTINUE

55 IF(MOD(NR,40)*GT.30) PRINT 55
55 FORMATIIi)

RETURN
END

114
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1 SUBROUTINE DIMPAR(SCDISSCPRESSCTIMEPVPPERZ, PDIM.VPDIM)
C THIS COMPUTES DIMENSIONAL VALUES OF PRESSURE PROFILE PARAMETERS
C IT IS CALLED FROM MAIN AFTER A PROFILE ADJUSTMANT BY FITPR
C

5 DIMENSION P(10),VP(10,10),PDIM(10IVPDIM(1O,10I
DIMENSION SCMAT(1O,10)
DO 15 KA=1#1O S DO 15 KBu1#10

15 SCMAT(KAKB)=O
SCMAT(1,1)al.ISCTIME S SCMAT(2#2)a1.ISCTIMlE**2

10 SCMAT( 303) SCPRES
C

DO 45 KAu1,3 S PDIM(KAI-O
DO 35 KBsl,3 S VPDIM(KAPKBI*0
DO 25 KCsI93 S DO Z5 KDu1,3

15 25 VPDIfi(KA, KB)UVPDIMi(KAKBI.SCMAT(KAKC)*VP(KC,*KDI*SCMAT(KBKD)
35 PDIM(KA)sPDIM(KA)4SCMAT(KAKB)*P(KBI
45 CONTINUE

PRINT 55
20 55 FORMATI1HO,///vlH P1OXP32HDIMENSIONAL VALUES OF PARAMETERSI)

PRINT 65
65 FORMAT( IHO, 1OX,1OHPARAMETERSSX,6HSTANDARO,7X8I4STANOARD,

A 5X#9HDlMENSXONI,1H p26X,6HERRORS,7?XPIOHERRORS*ERZII
PERuSQRT(VPOIM(lIj) S PERZ-PER*ERZ

25 PRINT ?5pPDIM(1)PPERPERZ
75 FORMAT(1H P9Xp1PE12.5p3Xv1P ElO.3v4X#IPE1O.3,6X,3HlIS)

PER*SQRT(VPDIM(2,2)) S PERZ=PER*ERZ
PRINT 85PPDIM(2)PPERPPERZ

85 FORMAT(1H ,9X,1PE12.5,3X,1PE1O.3,4X,1PE10.36X64115**2)
30 PER-SQRT(VPDIM(393)) S PERZ*PER*ERZ

PRINT 95POIM(3),PER#PERZ
95 FORMAT11H ,9X,1PEl2.5,3XlPEIO.3,4X,1PE10.3,6XZHPA)

PRINT 105
35 105 FORMAT(lH PfilI,1H 920XP24HTHE OVERPRESSURE HISTORY,

A 19H IS APPROXIMATED BYIllp
8 1H *30XPHP(T) a P35H-C + (PSHOCK4C)*EXP( A*(T-TSHOCK) +0
C 19H4 B*(T-TSHOCK)**2 ),,iI,
0 114 ,30X,42HWHERE A,9 B AND C ARE THE THREE PARAMETERS*)

40 =-

RETURN
END
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I SUBROUTINE PLTPNTS1 X, RALABNRPSHP TSH, SCP, SC ToPAR, VoTITLE I
*C THIS ROUTINE PLOTS FITTED PRESSURE HISTORY AND CORRESPONDING OBSERVAT

C THE PLOTTING IS DONE IN SI UNITS

*- 5 C X(5,NR) aTIME Xl I AND PRESSURE X(2, )8 OBFRVED
C R(5,5vNR) - VARIANCE-COVARIANCE MATRIX OF OBSERVATIONS X
C ALAa(2pNRI a LABELS OF OBSERVATIONS
C MR - NUMBER OF OBSERVATIKNS
C PSH aSHOCK OVERPRESSURE AT HISTORY GAGE LOCATION

10 C TSH a SHOCK ARRIVAL TIME AT HISTORY GAGIE LOCATION
C SCP, SCT a PRESSURE AND TIME SCALESP RESPECTIVELY, OF THE ABOVE
C PARUO0) a HISTORY FITTING PARAMETERS IN SI UNITS
C V(10O010) a VARIANCE-COVARIANCE MATRIX OF PAR
C TITLE(3) = NAME OF THE EVENT

15 C
DIMENSION Xl5,10O)tR1 5,5,100),PAR(IO),V(10,1lO),ALAB(2,100)
DIMENSION 012,2)
DIMENSION TEMP(8),TITLE(3),XlIZOO),Y1(200),Y2( 200)
DIMENSION X3(201 )vY3(201),X4(201)vY4(201)

20 LEVEL 2,FXFPFXXFXP,FPP
COMMONISCRCHAIXP(5,1),FX(5),FP(10),FXX(5,5)PFJCPI5,1O),FPPILO11
CDMMON/PSTS/PSPTS
LEVEL 2*XRPALABXP

25 c COMMONIPLOTIERF,0( 5), PLABLI 4)

P S=P5H* SC P
* TS=TSH*SCT

XMINuX(1,1)*SCT S XMAXwXMIN
DO 15 KA2vNR

30 XMIN*AMINI(XMINqX(IKA)*SCTI
XMAX=AMAX1( XMAX, X(IPKA)*SCT)

15 CONTINUE
DELX(tXMAX-XMIN) /200.
IF(ERF.EQ.0*O) ERF-2.0

35 C
C NEXT COMPUTE 200 POINTS OF FITTED CURVE WITH CO4FIDENCE LIMITS

DO 200 lal1,200
E5m0. 0
XP(l1,1)*XMIN4DELX*I

* 40 XP(2,1)0s.0
CALL EXPONI XP,1, PARFFXPFPFXXFXPFPPNBAD)

*C F IS OVERPRESSURE
IF(NBAO.EQo0) GOTO 139
PRINT 134sNBAD

45 PRINT 135, XP(1,1),IPAR(J),J1,v5)
PRINT 138
RETURN

134 FORMAT(1H ,1OX,*ERROR RETURN FROM EXPON WITH NBAD**,I5P
135 FORMAT(1H ,1OX,*THE ARGUMENTS WERE XPII,1)a*vlPELZ.5,/

50 A IH ,1OX,*PAR(Jla**5(2X,1PE12o5))
138 FORMAT(1H ,lOX,**ERROR RETURN FROM PLrPNTS*)
139 DO 150 KAu1,3

DO 150 KBa1,3
ESsES+FP(KA)*V(KAPKB) *FP(KB)

55 150 CONTINUE
E -SO RT ( ES)

C E IS THE STANDARD ERRROR OF COMPUTED F (OVERPRESSURE)
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Sc

60 Y I(I )*FGERF*E

ri Y2(I )F-ERF*E

Y3(I.1) aF
200 CONTINUE

65 CALL PLTBEGf8o7,11.2,1.0,13pPLABL)
C
C NEXT FIX SCALES AND PLOT AXES WITH LABELS

I. XSIZEuS.0
70 YSIZEUI,.0

X3(1 )nX3( 2)
CALL FIXSCA(X1,200,XSIZEXSXMINPXMAXOXI
CALL FIXSCA(YL,200,YSIZEYSYNINYMAXDYI
CALL CONSCA(Y2,200,YSIZE, YS,'VMIN, YMAX, DY)

75 Q(lol)-R(1,1,1)*SCT**2
Q(192)uRt1,2tl)*SCT*SCP S Q(2,1)nQ(1,2)
Q(292)-R( 2,2P1)*SCP**2
CALL ERELCM(X(1,1)*SCTX(2,1)*SCP,0,ERFvX4,Y4I
CALL CONS CA(X4, 201, XS IZE XS9 XMINP XMAXvDX)

80 CALL CONSCA(Y4,201,YSIZEYSYNINYNAXDY)
0(1,1 )-R( 1, 1NR)*SCT**2
0(1, 2)=R(lp2pNR)*SCT*SCP S Q(2*1).Q(1,2l
0(2, !)uR(2v2vNR)*SCP**2
CALL ERELCM(X(1,NRI*SCTX(2,NR)*SCP,0,ERFPX4,Y4I

85 CALL CONSCA(X4,201,XSIZEXSXNINXNAXDXI
CALL CONS CA (Y4, 201, YS IZE YS, YMINYMAX, DY)
Y3(1 3 YMIN
CALL PLTSCA(2.5p4.OPXMINYMINXSYS)
CALL PLTAXS(OX,*DYXMINXNAXYNINYMAX,4)

90 CALL LABAX(DX,2.0*Df, XMINXNAXYNINYNAX)
HTsO. I
ENCOOE(BO,160,TEMP) ERF

160 FORMAT(*FITTED CURVE WITH *,F3.1,* STANDARD ERRORS21*1
TX=( XNAXeXN!NI*0.5-17*5*HT*XS

95 TYUYMAX.0.5*YS
CALL PLTSYM(HTPTEMPP0.0,TXPTY)
EN4CODE( 80, 1109TE NP)

110 FORMAT(9HTIME (S)31)
TX=( XMAXGXMIN)*O. 5-4o. *HT*XS

100 TYuYMIN-0.5*YS
CALL PLTSYM(HTPTEMP,0.0,TXPTY)
E NCOD E(S80,120, TE NP

120 FORIAT(18HOVERPRESSURE (PA1311
TX*XMIN-0.7*XS

105 TYs( YMAX* TNIN *0. 5-9. *HT*YS
CALL PLTSYM(HTPTEMP,90.0,TXPTYI

C
C NEXT PLOT CURVE WITH CONFIDENCE LIMITS
C

110 CALL PLTDTS(1,0,X1,Y1,200v01
CALL PLTDTS(1,0sXlPY29200,90)
CALL PLTDTS(1,0vX3,V3,201,0)

C
C NEXT PLOT ERROR ELLIPSES OF OBSERVATIONS
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115 C
DO 250 1u1,NR
XIl!)-X(19I)*SCT-

Q (It,1)-R( It ItI)*SCT**2
120 Q(112)OR(1g2,I)*SCT*SCP S Q(2#1)uQ(1#21

0(2, 2)mR12,2vI)*SCP**2
CALL ERELCM(XliI),YI( I),QPERFPX3pY3)
CALL PLTDTS(1,0,X3,Y3,201,0)

250 CONTINUE
125 C THIS PLOTS OBSERVATIONS

CALL PLTDTS(3#1,*XIPY1,NR,0)
ENCODEi8O,130,TENPJ ALABi1,1)

130 FORMAT(AIO,1H>)
TXu( XMAX.XMIN)*.5-5.O*HT*XS

130 TY-YMAX*0.75*YS
CALL PLTSYM(HTTEMPO*0,TXTY)
ENCODEC 80, 140,TEMP)TITLE

140 FORMAT( 3Al0,1H>)
TX-i XNAX.XIN)*0.5-15.0*HT*XS

135 TY=YMAX0.95*YS
CALL PLTSYMEHTTEMPPO.0TXoTY)
CALL PLTPGE
R ETUR N
END
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1 SUBROUTINE ERELCM(XvRERPXEYE)

C THIS COMPUTES ERROR ELLIPSE FOR GIVEN VARIANCE-COVARIANCE MATRIX R

C THE ELLIPSE CORRESPONDS TO ERP STANDARD ERRORS

DIMENSION R(2p2)pXE12O1),fYE(2O1)
5 Coo. S IF(R(1,1).LE.O..R.R(22)LEO) GOTO 15

CwR(1,2)ISQRT(R(1,1)*R(Z2JI)
15 Aso, S IF(C.GT.-I.) AftSQRT(10+C)

8.0.% S IF(C*LT.1.) BaSQRT(1.-C)

FX-0. S IF(R(1,1J.GT.0.) FX=ERP*SQRT(R(1,1)0.S5)

310 FYsO. S IF(R(2#2).GT*O.) FY-ERP*SQRT(R(2,2)*Oe5)
DO 25 KA*1,201
FIoFLOAT( KA-1)*0.03141

5 9 2 7

YE(KA)sY.FY*f A*CDS(FI ).8*SIN(F I))

15 25 CONTINUE
RETURN
END

11



I SUBROUTINE PRINPAR(PL ABOISTP T IMPPINPPVPDISTD,
A T IMD09PIN OPPV POPNRPPNU E XNU TI TLE)I

C SUBROUTINE PRINTS SUMMARY OF PRESSURE HISTORY FITTINGS
C IT IS CALLED FROM MAIN AFTER ALL PRESSURE HISTORIES HAVE BEEN FITTED

5 C IT ALSO COMPUTES INITIAL PARAMETER APPROXIMATIONS PNU AND EXPONENTS
C EXNU FOR THE PRESSURE FIELD FUNCTION
C

DIMENSION PLAB(501,DIST(50),TIM(50),PIN(5O),P(4,50),VPI4,4,50),
ADISTD(50),TIMD(50),PIND(50),PD(4,5O),VPD(4,4,5O~,ERf4)

10 8,PNU(10),EXNU(3)PTITLE(31

LEVEL 2PVPPPDPVPD

PRINT 12P(TITLEIJ)PJm1,31
15 12 FORMAT(1H1I,1PH P1OXP5HEVENTP5X,3Al0,/,1H P1OX#5(1H-1)

PRINT 15 S PRINT 25
15 FORMAT(1H ,I//1H P1OXP20HSCALED PARAMETERS OF,

A30H INDIVIDUAL PRESSURE HISTORIESI)
2FOR!IAT( 1H ,3X,3HNR.,SXSHLABEL,6X,8HDISTANCE,2X,

20 A 12HARRIVAL TIME,1X,9HOVERPRES.,5X,6HPAR(1J,3X,99HSTO.ERROR,
B 5XP 6HP AR (2 1,v3Xv9HS TODeERRORv 5X, 6HP AR( 3)93X 99HS TD. ERR ORI
PRINT 16

16 FORMAT( iH., 23X,5H(SCD03,6Xv5H(SCT),8X, 5H(SCP)o
A 6K, 7H(ICT~,4X,97H(1/SCT),4X,1OH(1I5CT**2),IX,

25 B 1OH( 1/SCT**2),SXS5H(SCP),SXSH(SCP ),I)

DO 65 KA=1,NR
DO 55 KB=IP3

55 ER(KB~nSQRT(VP(KBK8,KA)
30 PRINT 35,KAPLAB(KA),DIST(KA3, TIM(KA),PIN(KA),

A ((P(JKA) PER(J)IPJ=1#3)
65 CONTINUE

PRINT 45 S PRINT 25
35 45 FORMATt1H PIII,1H P1OX#25HDIMENSIONAL PARAMETERS OF,

A30H INDIVIDUAL PRESSURE HISTORIESII
PRINT 46

46 FORMAT(1H+,24X,3HIM), SX,3H(SI,9X,4H(PA)t8X,5H11/S),
A 6X,5H( IS$,6Xv8H(1IS**2),3X,8H(1/S**23,6X,4H(PA),-

40 B 6X9 4H( PA 1.)

DO 85 KA*1,NR
DO ?5 KB-1,3

75 ER(KB~nSQRT(VPO(KBPKBKA))
45 PRINT 35,KAPLAB(KAb DISTD(KA),TIMD(KA),PIND(KAI,

A (CPOtJKA)vER(J))PJu1,3)
35 FORMAT(IH ,ZX,14,2XAlO,3(2X,1PE1O.3),3(2X,1PEII.4,1X,1PE9.2))
85 CONTINUE

C
50 C NEXT COMPUTE INITIAL APPROXIMATIONS OF PRESSURE FIELD PARAMETERS

C AND EXPONENTS FOR THE PRESSURE FIELD FUNCTION
C BY STRAIGHT LINE LGLG FIT OF PARAMETER(OISTANCEI
C

P DO 135 KB=1*3
55 C11-0 S Cl2mO S C22=0 $ RSluO S RS2*0

KK=O
DO 105 KCm1,NR

120
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IF(DIST(KC)eLE*0.) GOTO 105
[F(ABS(P(KBPKCIJ.LT.1.E-30) GOTO 105

60 KK*KK*1
IF(KK.EQ.1) KIIUKC
IF(DIST(KC)oLT*DIST((M)3 KM-KC
ALD-ALOG( DIST(KC I)..
PSQ*P(KBKCI**2 S ALPO0.5*ALOG(PSQI

65 ClluC11.PSO S Cl2sC12,PSQ*ALD S C22oC22+PSQ*ALD**2
RSI=RSI.PSQ*ALP S RS2-RS2.PSQ*ALP*ALD
S!G*SIGN(1.PP(KBKMII

C USE THE SIGN OF PARAMETER CORRESPONDING TO SMALLEST DISTANCE
105 CONTINUE

70
IF(I(K.GE.21 GOTO 125
PRINT 115,KB
STOP

115 FORMAT(114 ,U,1H ,1OX,15HSTOP BY PRINPARP
75 A 37H BECAUSE LESS THAN TWO HISTORIES HAVE#/#

B IH PIOXP19HNON-ZERO PARAMETER(I1,1PH)

125 C=(RSI*C22-RS2*C12)I(C11*C22-C12**2)
EN-C RS2*C 11-RSI*C12)I (CI1*C22-C12**2)

80 PNU(2*KB-1)uEXP(C)*SIG
PNUC 2*KB)= .
NENsEN*10. S EXNU(KBI--FLOATINEN)110.

135 CONTINUE

85 PNU(5)--PNU(5)
PRINT 145

145 FORMAT(1H 91/1191H PIOXP22HINITIAL APPROXIMATIONS#
A 36H OF SCALED PRESSURE FIELD PARAMETERSPII)

90 DO 165 KB.1,3
KC*2*KB-1 S KD=2*KB
PRINT 155,KCPNU(KC),KDPNU(KD),KBEXNU(KB)

155 FORMAT(1H ,1OX,4HPNU(, I1,ZH)u,1PE12.5X,4HPNUI, I1,2H)u,1PES.1,
A 5XSHEXNU(,I1,2H)-POPF5.2)

*95 165 CONTINUE
RETURN
END
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1 SUBROUTINE PLTPAR(NRPROFPRPDPRDSDTITLE)
C THIS ROUTINE PLOTS HISTORY PARAMETERS VERSUS DISTANCE IN LOG-SCALES
C
C NRPROF - NUMBER OF HISTORIES OBSERVED

5 C PRPD(4,50) a HISTORY PARAMETERS
C PRDSD(50) - HISTORY DISTANCES
C TITLE(3) - DESIGNATION OF EVENT
C

LEVEL 2,PRPD
10 DIMENSION PRPDt4p50),PROSDtSO)

DIMENSION TITLE(3)
DIMENSION X(50),Y(50).oTEMP(4)
DIMENSION XA(50),NS(50),oIM( 3)
COMMON/PLOT/D(6), PLABL(4)

15 C

DIMI 2)10OH(1/S**2)3)
OIM( 3I-10H(PA3>
CALL PLTBEG(8.7pll.2,1.0,13.vPLABL)

20 DO 1000 KA=1,3
DO 100 KB-19NRPROF
X(KB)*ALOG1O(PROSD(KB)
Y(KB)-ALOG10(ABS(PRPD(KAKB)))
XA(KBI)X(KB)

25 NS(KB)*O
IF(PRPD(KAKB).LT.O.0) NSCKB~u1

C USE SYMBOL NS*O OR 1 FOR POSITIVE OR NEGATIVE PARAMETERS, RESPECTIVELY
100 CONTINUE

C
30 CALL SORTXY(XvYiNRPRLFQ

CALL SORTXYIXAPNSNRPkOF3
CALL FLOGSC(XNRPROF,4.0,XS.,KMINPXMAXDX)
CALL FLOGSC(YNRPROF.6.0,*YSPYMINPYMAXDY)
XS-AMAX1( XSYS)

35 YS=XS
C ALL PLTSCA(3o0,4.0,XMINPYMINXSYS)
C ALL PLTAXS (BD YXMINXMiAX, YMIIIYMAX,7)
CALL L ABL OG(DXv DY,9XM I NXMAXv Y MIN YM AX90.o09 0. 0)
CALL PLTDTS(1,0,XYNRPROF,0)

40 DO 120 KBU1,NRPROF
CALL PLTDTS(3,NS(KB), X(KB),Y(KBI, 1, )

120 CONTINUE
ENCODEf 40, 1509TEMP)

150 FORMAT(*DISTANCE (M)*)
45 TX*(XMINXMAXI*O.5-6.0*0.1*XS

TY-YMIN-0. 5*YS
CALL PLTSYM(0.1,TEMPP0.0,TX.*TY)
ENCODE(40, 160pTEMP)KApDIM(KA)

160 FORMAT(*PARAMETER(*Pl1,*l *,A1O)
50 TXnXMIN-0.?*XS

TY=( YMIN+YMAXI*0.5-9. 0*0. 1*YS
CALL PLTSYM(0.1,TEMP990*0,TXPTY)

900 ENCODE(40,3709TEMP) TITLE
370 FORMAT( 3A10,IH>)

55 TX=(XMAX+XMIN)*0*5-15*0*0.1*XS
TY*YMAX*0. 5*YS
CALL PLTSYM(O.1,TEMP90*0,TXTY)
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CALL PLTPGE
1000 CONTINUE

60 RETURN
END
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1 SUBROUTINE FTPFLDCSCDISSCPREPSCTIMTITLEPRLABPRDSD,
A TARD, P IND# NRPROF, E XNU, PAR, VP ARPERZNP9, NBAD I

C
C CALLED FROM MAIN THIS FITS AN OVERPRESSURE FIELD MODEL TO ALL

5 C OVERPRESSURE DATA
C INITIAL VALUES OF PARAMETERS PAR ARE ASSUMED TO BE SPECIFIED BY
C THE CALLING PROGRAM
C
C SCOISSCPREvSCTIM - SCALES USED FOR THE PARAMETERS

10 C TITLE a ALPHANUMERIC TITLE OF THIS RUN
C PRLAB - ALPHANUMERIC LABELS OF HISTORIES
C PROSO - DISTANCES OF HISTORIES IN METRES
C TARD a SHOCK ARRIVAL TIMES IN SECONDS
C PINO a INCIDENTAL SHOCK OVERPRESSURES IN PASCALS

15 C NRPROF a NUMBER OF PROFILES (HISTORIES$
C EXNU. a EXPONENTS IN OVERPRESSURE MODEL FUNCTIOM
C
C THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE
C

20 C PAR a PARAMETERS OF THE OVERPRESSURE FIELD MODEL
C VPAR * VARIANCE-COVARIANCE MATRIX OF PAR, NOT INCLUDING ERZ**2
C ERZ a STANDARD ERROR OF WEIGHT ONE
C NP a NUMBER OF OVERPRESSURE FIELD FUNCTION PARAMETERS.
C NP.NE.5 ONLY IN CASE OF ERROR RETURN

25 C
DIMENSION TITLE( 3),TARD(50),PIND(50),EXNU(3), PAR(1O),VPAR(IO.LQ)

DIMENSION PST(6)PVPF( 10,1O),ERPAR(I0lPARG(101

30 EXTERNAL PFIELDPFIELDCpPLDAUX
C

COMMONICOMPRITP(2,5000),ERTP(2,5000),ALB(2,5000),NSET(50),
I OIST(5O1,EROIST(5O1
LEVEL2, TP, ERTPPALBPNSETPDISTPERDIST

35 COMMOt4ICFLDEX/EXAPEXBPEXC
COMMON/CSCALE/SCDI, SC PR, SCT
COMMONISCRCH21 X(3,50001,R(3,3,5000),LSTX(5000),XC(3,50001,
1 C(3,50003.WORK(1430?),LSTN(5000)

40 C LEVEL 2pXv RpLSTXv XCPC vWORK.*LSTN

COMMONITPINDXIITC, IPC
C TIME AND PRESSURE INDEX IN X-ARRAY

DATA (IT-2)P(IPal)
ITCmIT S IPCsIP

45 C X(IT)-TIME v X(IP~wOVERPRESSUREP X(3)wDISTANCE
C

SCDI-SCDIS S SCPR-SCPRE S SCTImSCTIM
C THE SCALES ARE NEEDED IN QFUNCT WHICH IS CALLED FROM PFIELD
C

50 EXA*EXNU(I) S EXBoEXNU(2) S EXC*EXNU(3)
C STORE EXPONENTS TO BE USED BY THE PRESSURE FIELD AUXILIARY FUNCTIONS
C ACOEF., BCOEF AND CCOEF
C

NXDa3 S NPDmlO S NWORK*143O7
55 NBAD-0

IF(SCDIS.GT.0.0.AND.SCPRE.GT.O.0.AND.SCTIM.GT.O.0)GOTO 15
NBAD*1S PRINT 20,NBADS RETURN
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15 IF(NRPROF*GT.1)GOTO 23
N BAD a

60 PRINT 20,NBADS RETURN
20 FORMAT(1140,10X,29HRETURN FROM FTPFLD WITH NBADaI31
23 KCS*O S KCnO

DO 35 KA-19NRPROF
KBM-NSET(KA) S IF(KBM.LE.0) GOTO 35

65 DO 25 KBw1,KBM
KCwKC S.KB
X(IrKCI-rP(1.KC)ISCTIM S R(ITITKC)-(ERTP(1,KCIISCTIMI**Z
X(IPKC)-TP(2,KC)ISCPRE S R(IPIPPKC)u(ERTP(2,KC)ISCPREI**2
X(3, KC IuDIST(KAI/SCDISS R(3s3,KCIu( ERDIST(KAIISCDISI**2

70 R(1*2,KCI=O$ R(1,3,vKC)wOS R(2,3vKCI*O
R(2v1,KC)0OS R(3v1,KC)=OS R(3#2#KC3OO
LSTX(KCIuO
XC(2*KC)sX(2,vKC) S XC(3vKC)sX(3vKC)
C(2,KC)-O.0 S C(3pKC)uO.O

75 WORK(KCI-PIND(KA)ISCPRE S WORK(6000.KC)oTARD(KA)ISCTIM
C STORE SHOCK OVERPRESSURE AND ARRIVAL TIME FOR FLOGES

25 CONTINUE
KCSuKC

35 CONTINUE
80 NRmKC

C
PARG( 5)sPAR(5)
CALL FLOGES(XRWORK( 1),WORK(6001),NREXNU, PARGNBADI

C THIS COMPUTES BETTER INITIAL APPROXIMATIONS OF PARG
85 IF(NBAO.NE.O)GOTO 39

C BRANCH AND TRY APPROXIMATIONS PROVIDED BY CALLING PROGRAM
DO 38 KA.1,6

38 PAR(KA)sPARG(KA)

90 39 CONTINUE
00 47 KAml,6

47 PST(KAI-PARtKA)
C

NXm1 S NP*5 S ITYPEwO
95 CALLCOLSACA(XvRv ALSLSTXP NXNRPAR,NPvPFIELDCp ITYPEv

AXCC ,LSTNNRGD.ERZ, VPARvERPAR, NBADNXDNPD, WORKNWORK)
NX=2 S NP*5 S ITYPEl
IF(NBAO.EQ.O) GOTO 52

C
100 49 PAR(l1uPST(l) S PAR(2)wPST(3) S PAR(3).PST(51

NXsl $ NP*3 S ITYPEO0
CALL COLSAC A( XRvALB9 LSTXpNXNMRPPARvNP, PLDAUX, ITYPE,

1 XCCLSTNNRGD,*ERZVPFPERPARNBAO, NXDvNPD.WORKPNWORK)
IF(NBAD.NE.O3 RETURN

*105 NXuZ S NPm3 S ITYPEal
CALL COLSAC A(XpR, ALBvL STXPNXPNR PPARP NPpPLDAUXv ITYPE,

1 XCCLSTNNRGDERZVPFERPARNBADNXDNPDWORKNWORKI
IF(NBADeNE.0) RETURN
NXu3 S NPu3 S ITYPEal

110 CALL COLSACA(XRALBLSTXPNXPNRPPARNPPLDAUXITYPE,
* 1 XCPCLSTNNRGDPERZVPFERPARNBANXDNPDWORKNWORKI

IF(NBAD*NE*0) RETURN
PAR(51=PAR(3) S PAR(3)sPAR(2)
PAR(2loPST(2) S PAR(4laPST(4)
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* 15NX*3 S NP=5 S ITYPEal

GOTO 54

52 CONTINUE
CALLCOLSACA(XPRPALBPLSTXPNXNRPARPNPPFIELDC, ITYPEP

-* 120 AXCPCLSTNNRGDERZVPARERPARPNBADNXDNPDPWORKPNWORK)
NXU3 S NP=5 S ITYPEul
IF(NBAD.EQ.0) GOTO 54
DO 53 KA-lpNR S XC(29KA)=X(2oKA)

12553 C(2,KA)aO.
125 GOTO 49

C
54 CONTINUE

CALLCOLSACA(XvRv ALBPLSTXPNXPNR, PAR# NPPPFIELDCP ITYPEP
AXCpCvLSTNP NRGDpE RZ, VPARP ERPARNMBAD, NXDv NPD,WORK*,NWORK)

130 IF(NBAO.EQ.01 GOTO 55
RETURN

55 CONTINUE
CALL PRTFLD(SCDISSCPREPSCTIM, TITLEPRLABPRDSD, YARD,r 135 A PIMDvXR#ALBPNRCI

C PRINT FIELD ADJUSTMENT RESULTS (RESIDUALS)
CALL PLTFLDITITLETARDPINDPARVPARERZNPNRPROFI

C PLOT OVERPRESSURE FIELD HISTORIES
140 RETURN

14 END

-EXCEEDS 131,071 WORDS (LCMul REQUIRED)
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SUBROUTINE FLDGESCX.RPSTSNREXNUPARGNBAD)
C THIS COMPUTES INITIAL APPROXIMATIONS OF FIELD PARAMETERS PARG.
C FLDGES IS CALLED FROM FTPFLD.
C

5 C X *TIMEPOVERPRESSUREDISTANCE
C R a VARIANCE-COVARIANCE MATRICES OF X
C PS a INCIDENTAL SHOCK OVERPRESSURES
C TS a SHOCK ARRIVAL TIMES
C NR a NUMBER OF DATA POINTS

10 C EXNU a EXPONENTS IN OVERPRESSURE FIELD FORMULA
C
C THE FOLLOWING WILL BE PROVIDED BY THIS PROGRAM
C
C PARG a FIELD PARAMETERS

15 C NIAD a ERROR INDICATOR. NBAD.NE.O IN CASE OF ERROR RETURN

DIMENSIONX(3,5OOO),R(3,3,5OOO1,PS(50OOiTS(5O0IEXNU(3)PPARG(10)
LEVELZPXR,PSPTS

20 COMMON/TPINOXIITCPIPC
C X(ITCPKJU TIME, X(IPCPK)-OVERPRESSURE

COMMONIGUECMIAN(3,31.RS(3),W(18)
DOUBLE PRECISION ANvRSWDET
LEVEL 2,ANPRSW

25
NBAD-0
FMINuX(IPCP1I*X(3pl)**EXNU(31 S FMAXaFMIN
DO 15 KA=2,NR
FF-X( 3,KA)**EXNU(3)

30 FMINuAMIN1( FMIN, X( IPC ,KAD*FF, PS(KA)*FFI
FMAXUAMAXIFMAXX(IPCKA)*FFPS(KA)*FF) .

15 CONTINUE

CMAX*FMIN-ABS(FMAX )*0.OO1
35 CMINsAMIN1(-0.S*ABS(FMAX),CMAX)

CaAMIN1(CMAXAMAX1(PARG(53,CMIN)II

25 KITmO
C KIT IS ITERATION COUNTER

40 NXu3 S NA=3 S KINI .
IF(CMIN.EQ.CMAX) NX-2

C NEXT ESTABLISH NORMAL EQS FOR SIMPLIFIED PROBLEM
35 DO 55 KAu1,3 S DO 45 KB=1,3

45 45 AN(KAPKB)uO
55 RS(KA)uO

C THE FITTED FUNCTION IS OF THE FORM Y*F(ABIPI.E.,
C ALOG((P-CD)I(PS-CD)IaAD*(T-TS),BD*(T-TSI**2,

50 C WHERE AORA/O**EXNU(ilp BD&B/D**EXNU(21#
C CRuCID**EXNU(31, AND D IS DISTANCE
C THE WEIGHTS ARE (P-CDI**Z1R
C THE FIRST TERM IS LINEARIZED FOR CORRECTION EPS OF C
C INITIAL VALUE CmPARG(5) PROVIDED BY CALLING PROGRAM

55
DO 65 KA1,oNR
PC=X(IPCPKA)-CIX(3,KA)**EXNU(3)

127



PSCu PS KA)-C/X( 3,KAI**EXNU( 3)
ERFoPC4*2/R(IPC, IPCPKAI

K. TALU=(X(ITCPKA)-TS(KA))/X(3pKA)**EXNU(1)
TAUS-(X(ITCKAI-TS(KA) )**ZIX(3,KA)**EXNU(2)
ROaC PSC-PCI(PSC*PC*X(3,KA)**EXNU(3)I
ALwALOG(PC IPSC)
AN(1,1IuAN( 1,1)+ERF*TAU**2

65 AN(1#2)uAN(1,2),ERF*TAU*TAUS
AN(1#3)-AN(1, 3),ERF*TAU*RO
RS(l)-RS(13.ERF*TAU*AL
AN(Z, 2)=AN( Z,2),ERF*TAUS**2

70 AN(2, 3)-AN(2,3)*ERF*TAUS*RO
70 RS(21*RS(21,ERF*TAUS*AL

AN(3, 3)=AN( 3,3)4ERF*RO**2
RS(3)-RS(31,ERF*RO*AL

65 CONTINUE

75 AN(2#1)=ANI1,2) S AN(3#1)OAN(1#3) S AN(3ff2lUAN(2#31

CALL MTRINOB(ANNXRSNAKINDETWI
C THIS SOLVED THE NORMAL EQUATIONS

IF(NX*EQ*2*OR*DETeNEeOo)GOTO 75

80 NX-2 S NA=3 S KINel
GOTO 35

75 EPS=RS43) S IF(NX.EQ.2)EPS*O
C=AMAX1(CMINPARIN1(C+EPSPCMAXI)

85 IF(CNIN.EQ.CMAX) GOTO 85

VC NO ITERATION FOR C IF C IS FIXED
KIT*KIT*1
NX-3 S NA-3 S KIN-l
IF(KIT.LT.4)GOTG 35

90 C ITERATE THREE TIMES

as PARG(1)sRS(1) $ PARG(3)uRS(21 S PARGI5)-C

r.. PARG(2)mO S PARG(41*0
IF(OET.EQO. *)NBAO-1

95 RETURN
END

128



I SUBROUTINE PF IELD( X.KKPAR.FFXFP, FXXFXPPFPPNBADI
C
C THIS IS THE OVERPRESSURE FIELD FUNCTION CONSTRAINT ROUTINE
C THE ARGUMENTS ARE EXPLAINED IN COLSACS AND IN COLSAC MANUAL

C THE FUNCTION F IS DEFINED AS
C F=(PSfIOCK-C)K*EXP(Q(TRP(1J, ***9 P(4) J.C(RPP(5)I - P
C THE OBSERVABLES ARE

C TIME T=X(IT),v OVERPRESSURE PmX(IPI, RADIUS R-X(3)I
13 C THE INDEXES IT AND IP ARE IN COMMON/TPINDXI

C THE FUNCTIONS QPPSHOCKC WILL BE OBTAINED BY CALLING
C GFUNCT AND CCOEF.
C

LEVEL 2,XFXPFPFXX,FXPPFPP
15 DIMENSION X(391)PPAR( 10),FX(3) ,FP(1O),FXX(3,3),FKP( 3,1O)gFPP(IOPIO

1)
DIMENSION OX(3),QP(10?,QXX( 393),QXP(3,1O),QPP(1O,1O),CX(3),
ACP(10),CXXI3,3)vCXPI3vlO),CPP(I10, O),PSPI1O),PSRPI 10),PSPP(1O,1O)
DIMENSION PSCX(3) ,PSCP(ID)

20 C
COMMON/TPINDXlIT,IP

c frPiNoxi IS SET BY FTPFLD
C TIMEwX(IT) t OVERPRESSUREeX(IP, DISTANCEaK(3)
C

25 NPSHKw4 S GOTO 10
ENTRY PFIELDC
NPSHK*O

10 CONTINUE
C

30 C ENTRY PFIELDC IS USED AS CONSTRAINT FOR PRESSURE FIELD ADJUSTMENT
C IT DOES NOT COMPUTE DERIVATIVES WITH RESPECT TO THE SHOCK
C PARAMETERS PAR(b) THROUGH PARI9)
C
C ENTRY PFIELD IS USED TO COMPUTE THE PRESSURE FIELD AFTER ADJUSTMENT

35 C IT COMPUTES DERIVATIVES OF THE OVERPRESSURE WITH RESPECT TO
C ALL PARAMETERS
C

DO 12 KBul,10
FXP(1,KB)=0 S FXP(2pKB)-0 S FXP(3,KB)8O S FP(KBI=G

40 DO 12 KCI,#10
12 FPP( KC,KB)=0

N BAD=u
CALL QFUNCT XPKK, PAR, QQXQOPPQXXOXPv QPPv

APSPSRPSPPSRRPSRP, PSPPNPSHKNBAD)
45 IF(NBAD.NE.O)RETURN

CALL CCOEF( XKKPPARCCXPCPCXXCXPCPPPNBAD)
I F(NB8AD.NE . 0) RE TURN

C
13 EXPQw0.0

P SC P S-C
IF(Q.GE.-675.84. AND.Q.LE. 741.67) EXPQ-EXP(Q)
IF(O.LE.I0O.) GOTO 14

C LARGE EXP HAS CAUSED OVERFLOW IN COLSAC
IF(O.LE.?41.67) GOTO 14

55 NBAD=1O1
RETURN

14 CONTINUE
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FEXuPSC*EXPO
FaFE X+C-X (I IPKK)

60 DO 15 KBlt3
PS CX (KB)a-CX( KB)

15 FX(KB)UEXPQ*(PSC*QXIKB).PSCX(KB) )GCX(KBI
FX(IP)=FX(IP)-1.

65 FX(3)*FX(31,EXPQ*PSR
00 25 KB=1,5
PSCP (KB)O-CP(KB)

25 FP(KB)-EXPQ*(PSC*QP(KB)4PSCP(KB))*CPIKB)

70 00 32 KBa1,3 S DO 32 KC-1,3

FXX(KBKCDUEXPQ*(PSC*(QXX(KBKC).QX(KBI*QX(KCI)
A4QX(KBJ*PSCX(KC)4PSCX(KB)*QX(KC)-CXX(KB,KCD 3+CXX(KBPKCI

FXP(KBKCI=EXPQ*(PSC*(QXP(KBPKC?4QX(KBJ*QP(KC)I
A+QX( KB)*PSCP(KC ).PSCX(KB)*QP(KC)-CXP(KBPKCI) )CXP(KBKCI

810 c
DO 45 KB-1,5 S DO 4#5 KC-1#5
FPP(KBPKCI=EXPQ*(PSC*(QPP(KBKC).QP(KB)*QP(KC))
A.QP(KB)*PSCP(KC),PSCP(KB)*QP(KC)-CPP(KBKC) )CPP(KBKCI

4 5 CONTINUE
K IF(NPSHK.LE*0)GOTO 75

C NPSIIK IS THE NUMBER OF SHOCK PARAMETERS. NPSHKaO OR =4

C ASSUME THAT PRESSURE FUNCTION HAS 5 PARAMETERS AND SHOCK HAS 4 PAR.
90 0O055 KBm6pKUP

* DO 52 KCs1,3
F XP( KCKB 3 SEXPQ*( PSC* (QXP (KCPKBI*QX (KC) *QP( KB) 3

95 AGQX(KC)*PSCP(KBDPSCX(KC)*QP(KB))
52 CONTINUE

FXP( 3,KB)UFXP(3,KB).EXPG*PSRP(KB)
00 55 KC-6,KUP
FPP(KBPKC)*EXPQ*IPSC*(QPP(KBKC)*QP(KB)*QP(KC)I

* 100 A+QP(KB)*PSCP(KC),PSCP(KB)*OP(KC)*PSPP(KBKC)I
*55 CONTINUE

D0 65 KBml,5 S DO 65 KC-6,KUP
FPPIKBKC)aEXPQ*(PSC*(QPP(KBPKC34QP(KB)*QP(KC)I
A4QP(KB)*PSCP(KC),PSCP(KB)*GP(KC3,PSPP(KBKCI

105 65 FPP(KCPKBI=FPP(KBKC) -

75 CONTINUE
RETURN i
END
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1 SUBROUTINE PLDAUX(XIKPPARFFXPFPFXXFXPPFPPNBAD)
C THIS CONVERTS THE FIVE PARAMETER PRESSURE FIELD FUNCTION INTO A
C THREE PARAMETER FUNCTION* IT IS USED BY FTPFLD IN CASE OF

C ALGORITHMIC PROBLEMS TO OBTAIN INITIAL APPROXIMATIONS FOR
5 C THE FINAL FIVE PARAMETER FITTING

C
DIMENSION X(3,1),PAR( 1O),FX(3),FP(1O),FXX(3,3),FXP( 3,10),
1 FPP(lO,10)pP(lO)
LEVEL 21pXPFXPFPPFXXPFXPPFPP

10 COMMONISCRCH41 GP(IOIPGXP(3vlO)PGPP(I0g101

LEVEL 2,GP96XPPGPP
C

P(1)=PAR(l) S P(3)*PAR(21 S P(51=PAR(3) S P(2)uO S P(41-0
CALL PF IELDC( XKKPPFFXPGPFXXPGXPGPPNBAD)

15 DO 15 KAu1#3 S FP(KA)uGP(KA*2-1)
DO 15 KB.1*3 $ FXP(KOPKA)-GXP(KBPKA*2-11

15 FPP(KBKA)NGPP(KB*Z-1,*KA*2-11
#A RETURN S END
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ISuBROUI INME QHJNCT ( tKt(oP ARip QvQXv QPvQXXv QXPQOPPv
APSPOSR.PSP.PSRRPSRPPSPPNPSHKNBADI

C AUiXILIAR Pauf1NE FOR PFIELD. IT COMPUTES THE EXPONENT 0 OF THE
C PRESSURE FIELD FUNCTION. IT ALSO Tik MITS THE SHOCK

.. C OVERPRESSURE PS(R) WITH DERIVATIVES.
C
C 2IBROUTJNES ACOEFvBCcJEF AND SHODER ARE NEEDED
C

V-VEL 2vX
10 OIMENSION X(31l)PAR( 10),QX(3)PQP(IO)POXX(393)*GXP(3#10)p

AQPP( 10,10),AX(3),AP(1O),AXX(3,3)hAXP(3,10)PAPP(1O,1O),
BTAUX (3)
DIMENSION TP(1O),PTRP( LOITPP(1O,1O),PSP(1OhjPSRP(1ObPPSPP(1O,1O)

C
15 CUMMONICSCALE/SCOISSCPRESCTIM

COM1IONICOMSHK/NPSH ,PARSH(4)I VPARSH(4,4),SCDSH, SCPSHSCTSH
C

r COMMONITPINX/IrIP
a C ITPINDX/ IS SET BY FTPFLO

20 C TIMEwX(IT) p OVWERPRESSURE-X(IP)t DISTANCE-X(3)
C

DO 12 KAIzlOl S QP(KA)-O $ DO 10 KB*1#3
10 QXP(KBKA)sO S DO 12 KCsl1,1O
12 QPP(KAKC)uO

25 NBAO=O S RuX(3,KK)*SCDIS
C

IF(NPSHK.GT*0) GOTO 13
C IF NPSHK a NUMBER OF SHOCK PARAMETERS IS ZERO THEN COMPUTE ONLY
C DERIVATIVES WITH RESPECT TO PRESSURE PARAMETERS PARti) THROUGH PAR(S

* 30 CALL SHOCK2(RT, TRYTRR,*PSPPSRP PSRRNBAD)
IF(NBAO.NE.0) RETURN
GOTO 14

13 CONTINUE
35 CALL SH03ER( RTTRTPTRRTRPTPPPSPSRPSP,

APSRR, PSRP, PSPPNBAD)
IF(NBAO.NE.O) RETUPN

C
14 CONTINUE

* 40 C SHOCK? OR SHJDER COMPUTED EVRYTHIING IN SI UNITS. NOW SCALE RESULTS
C ACCORDING T3 THE SCALEFS IN fCSCALE/

IT(SCTIM S TRaTR*SCDIS/SCTIM S TRR=TRR*SCDIS**2ISCTIM
PS-PS/SCPRE S P5FR.PS .V*SCDIS/SCPRE % PSRRaPSRR*SCDIS**2/SCPRE
IF(NPSHK.LF.O) 6010 lb

45 C
00 1.9 KB-698

p rTP(KR).TP(KBI*SCDPE*srrjJS**(<B-5)t/CTIM

TRP( KB) -rR P 4K B) *Sc P15* (gt -4 3*SC PREISCT TM
50 PSRP( KB3.PSRP(KB)*SCLAS5** (KB-4)

TPP( 9,KB) .TPP(9.KB)*SCPRE*SCDIS**(KB-5) s TPP(KB#91=TPP(9,KBI
PSPP(9,KB)aPSPP(9,K(B) *SCTiM*SCOIS**(KB-5) S PSPP(KB,9)nPSPP(9,KBI

(PP( KC, KB1) TPP(KCr~~ *(SCPRE/5CTIM)**2*SCDLS**(KBKC-10)
55 PSPP( KCKB) .PSPP(KCKB)*SCDIS**(KB.KC-1O)

15 CONTINUE
PSP( 91mPSP(C9)*SCTIM/SCPRE



TPPI 9v9luTPPI9v93*SCTIM
PSPP(9.9)=PSPP(9,9)*( SCTIM/SCPREJ**2

60 C
16 CONTINUE1TAUsX ( I Ts,KK -T

TAUX(IT)-l.0 S TAUX(IP)sO.0 S TAUX(3IU-TR
C

65 C NEXT COMPUTE THE LINEAR TERM IN THE EXPONENT
CALL ACOEF(XKKPARAAXPAPAXXPAXPPAPPNSAOI
IF(NBADeNE.oIRETURN

c *A* TAU

70 DO 25 KB-1#3
QX(KB IAX(KBI*TAU.A*TAUX(KBI
DO 25 KCu1,3
QXX(KBKC)=AXX(KBKC)*TAUAX(KS)*TAUX(KC),AX(KC)*TAUX(KUI

25 CONTINUE
-75 OXX(3p3JuQXX(3,3)-A*TRR

C
DO 35 KBulv3 S 00 35 KC=1,5

35 QXP(KBKC)-AXP(KBKCI*TAUAP(KC)*TAUX(KB)
C

e0 DO 45 KB=1,5 S QP(KB)=AP(KB)*TAU
00 45 KC*1,5

45 QPP(KBPKC)=APP(KBKC)*TAU
IF(NPSHK.LE.0)GOTO 53

C NPSHK IS THE NUMBER OF SHOCK PARAMETERS
85 KUP=5.NPSHK

C ASSUME THAT PRESSURE FIELD HAS 5 PARAMETERS
DO 48 KAx6,KUP
QP(KA)=-A*TP(KA)
QXP( 3,KA)--AX(3)*TP(KA)-A*TRP(KA)

90 00 48 KB-bKUP
48 QPP(KAKB)*-A*TPP(KAPKB)

DO 50 KAu1,5 S DO 50 KB=6,KUP
QPP( KAPKB)u-AP(KA3*TP(KB)

50 OPP(KBKA)aQPP(KAPKBI
95 C

C NEXT COMPUTE QUADRATIC TERM
i53 CALL BCOEF(XPKKPARAAXAPAXXAXPPAPPNBADI

IF(NBADeNE.0) RETURN
QQ + A*TAU*T AU

*100 C
DO 55 KBsl,3
QX(KB)-QX( KB).TAU*(AX(KB)*TAU.2.*A*TAUX(KB))
DO 55 KCml,3
QXX(KBKC)SQXX(KBKC)+TAU*(AXX(KBKC)*TAU.2.**X(KBl*TAUX(KCI

105 A+2.*AX(KC)*TAUX(KBI) )2.*A*TAUX(KB)*TAUX(KC)
55 CONTINUE

QXX( 3#3)OQXX(3p3)-2.*A*TAU*TRR
C

DO 65 KB=I,3 S 00 65 KCo1,5
110 OXP(KB,KC)OQXP(KBPKC).TAU*(AXP(KBKC)*TAUG2.*

ATAUX (KB )*AP(KC) 1
65 CONTINUE

C
DO 75 KB=1,5 S QP(KeluQP(KBI+AP(KB)*TAU*TAU
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115 DO 75 KCsIP5
75 QPP(KSKC)=QPP(KBKC)*APP(KBgKC)*TAU*TAU

IF(NPSHKoLE.0)GOTO 979 DO 85 KA=6,KUP
QP(KAIu0P (KAI-A*2.*TAU*TP(KA)

120 QXP(3,KA)OXP(3,KA)42.*(-AX(3)*TAU*TP(KA),A*TP(KA)*TR
A-A*TAU*TRP(KA)i
DO 85 KB*6,KUP
QPP(KAPKBI-QPP(KAPKBI .A*2.*(TP(KAI*TP(KB)-TAU*TPP(KAKB)I

85 CO4TINUE
N125 DO 95 KA=6,KUP S DO 95 KB.1,5

QPP( KBKA)aQPP(KBKA3-2.*AP(KB )*TP(KA)*TAU
95 QPP(KAKB)=QPP(KBKA)
97 CONTINUE

RETURN
* 130 E ND
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1 SUBROUTINE ACOEF(XKK,PARAAXPAPPAXXPAXP,*APPPNBAD)
C LINEAR COEFFICIENT IN PRESSURE FIELD EXPONENT
C AUXILIARY ROUTINE FOR GFUNCT

DIMENSION X(3,1),PAR( 1O),#AX(3),AP(IOIAXXI3,3)PAXP(3,1O),
5 AAPP(IOPIO),CP(21,CXP(2)vCPP(2,2)

LEVEL 2,X
COMMONICFLDEXIEXA, EXB, EXC
N BAD u0
RsX(3,KKI S P1-PAR(1) S P2-PAR(2)

10 E XwEX A
CALL COEFFI(RP1,P2,EXACX,CPCXXCXPCPPNBAD)
IF(NBAD.EQ*O)GOTO 15 S NBADsNBAD+100 S RETURN

C
15 DO 25 KA=1#5 S AP(KAISO S IF(KA.LE.3)AX(KAI-O

15 DO 25 KB*1,5 S IF(KA*LE.3JAXP(KAICB)sO
IF(KA.LE.3.AND.KB.LE. 3)AXX(KAKB)=O

25 APP(KAPKB)sO
& C

AX(3)*CX S AP(1IuCP(l) S AP(2)uCP(2)
20 AXX(3,31=CXX S AXP(3,1IaCXP(1) S AXP(3#2)=CXP(2)

DO 35 KA-l,2 S DO 35 KBu1,2
35 A P P( K ApKS =C PP K A 9KB)

RETURN S ENO
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£SUdR OUT IN E BCJEF( 99KKyPlARpAAXAPA XX A XPvA PPv NOAD)
C QUADRATIC COF.FFICIFNr IN PRESSURE FIELD EXPONENT
C AUXILIARY PROUT NE F0;, Of- UNCIT

DIMENSION X(3,1),tPAR( 10),AX(3), AP(10),AXX(3,3), -

AAX P( 3,p 10), A PP ( 10, 10 ) CP (2 1 , C XP (2) ,CPP (2.92 1
LEVEL -*X

*-C OMMON/CF L t X IE XA, E XBo E XC
* NBADmO

R-X(3,*KK) s t'I-PAR,3; S P2*PAR(4)

*CALL COEFF I ( RP1,P29F XrA,CX CPCXXCrXPCPP,NBAD I5 IF(NBAD.EQ,0)GOTD 15 $ NBAD=200+NBAD S RETURN
C

1500O25 KA-l1,5 S AP(KA)zO S AF(KA.LE.3)AX(KAl*0
15 D0 25 KB-195 S IF(KA.LE.3)AXP(KA#KB)u0

IF(KA.L E.3. AND.KB.LE. 3)AXX(K(AKB =0
25 APP(KAKP1 )=O

rGi AX(31-CX S AP(3)uCP(l) S$P4=P2
20 AXX(3p3)-CXX S AXP(3v3)=CXP(l) S AXP(3,4)=CXP(2)

DO 35 KAxl,2 S D0 35 Kal,2
35 APP(2+KA,2+KB)aCPP(KAPKB)

RETURN $ END



1 SUBROUTINE CCOEF(XPKKPARAAXAPAXXAXPAPPNBADI
C THIS IS ADDITIVE COEFFICIENT IN PRESSURE FIELD FORMULA
C AUXILIARY ROUTINE FOR PFIELD

DIMENSION X(3,1),PAR(1O),AX(3),AP(10),AXX(3,3)eAXP(3,10).-

5 AAPP( 10,10),CP(21,CXP(2)PCPP(2,2I
LEVEL 2,X
CDMMON/CFLDEX/EXAPEXBEXC
N BAD -O
R=X(3,KK) S PluPAR(5) S P2=0.

10 EX=EXC
CALL COEFFI (RP1,P2,EXACXCPCXXCXPCPPNBAD)
IF(NBAD*EQ.0)GOTO 15 S NBADmNBAD+300 S RETURN

C
15 DO 25 KAul,5 S AP(KA)=0 S IF(KA.LE.33AX(KA)&0

15 DO 25 KBu1,5 S IF(KAeLE.3)AXP(KAPKB)*O
IF(KA.LE.3oAND.KB.LE. 3)AXX(KAKB)=O

25 APP(KAvKB)m0

AX(3)*CX S AP(5)=CP(l)
20 AXX(393)=CXX S AXP(3,5)-CXP(1)

APP( 5,5)=CPP(1,1)
RETURN S END
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SUBROUTINE COEFF It RP IPP2v EX, AtAXAPPAXX AXP# APPPNBAD)
C THIS COMPUTES TAU COEFFICIENTS TO BE USED IN PRESSURE FIELD
C FUNCTION EXPONENT AND AS ADDITIVE TERM. THE COEFFICIENTS DEPEND ON R 4

C
5 DIMENSION AP(21,AXP(2)PAPP(2,2)

C
N BAD-*0
REXw 1. /R**EX
AuREX*( P1.P2*R)

10 C A IS THE COEFFICIENT. NEXT COMPUTE FIRST ORDER DERIVATIVES
AX=REX*(-P1*EXIR*P2*(1.-EXI)3
AP(I)-REX S AP(2)*REX*R

C NEXT COMPUTE SECOND ORDER DERIVATIVES
AXX*REX*(P1*EX*(EX*1. )IR-P2*tl.-EX)*EX)IR

15 AXP(13uREX*(-EX)IR S AXP(2)*REX*(1.-EX)
APP(1,1).O. S APP(1#2)sO. S APP(2#1)0O. $ APP(2#2)sO.
RETURN S END
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1 SUBROUTINE SHOCK(RTPOVUSUPRHONBAO)
C THIS COMPUTES SHOCK VALUES USING PARAMETERS FROM ICOMSHCKI
C ALL ARGUMENTS ARE ASSUMED TO BE EXPRESSED IN SI UNITS

dC ROUTINE USES ROMBIN AND SHTINT TO COMPUTE SHOCK ARRIVAL TIME
5 C

C R a SHOCK DISTANCE (GIVEN)
C T a SHOCK ARRIVAL TIME
C POV a INCIDENTAL SHOCK OVERPRESSURE
C us a SHOCK SPEED

10 C UP a PARTICLE VELOCITY BEHIND SHOCK
C RHO a SHOCK DENSITY
C NBAD a ERROR INDICATOR. NBAD.NE.O IN CASE OF ERROR RETURN
C

EXTERNAL SHTINT
15 C INTEGRAND TO COMPUTE SHOCK ARRIVAL TIME

C
COMMONICOMSHKfNPSPPARSH(41,VPARSH(4,',JSCOISSCPREPSCTIM

(lb COMMONIAMBCHAIPZTZPGAMAMOLPCHVOLCHENCHHCHHER
COMMON/CF2DERIGAMCAPPSNDSPDPAR(4)PALOWSCDSCPSCT

20 C
GAMCAP=GAMCAP/SCP S SNDSPD-SNOSPD*SCDISCT S ALOWUALOW*SCO
SCD1l. S SCP-l. $ SCT-I.
DO 15 KA-1,3

15 PAR(KA)-PARSH(KA)*SCPRE *SCDIS**KA
25 PAR(4)=PARSH(4)*SCTIM

C THIS CHANGED THE CONTENTS OF /CF2DERI INTO SI UNITS
C

POV-C(PAR(3)/R*PAR(2))/R+PAR(13)/R
CALL ROMBIN(SHTINTvALOWpRFNBAD)

30 C QUADRATURE TO COMPUTE SHOCK ARRIVAL TIME
IF(NBAD*EQ.0) GO TO 30
PRINT 20,NBAD

20 FORMAT(H ,*RETURN FROM SHOCK WITH N8AD= *,15)
RETURN

35 C
3D CONTINUE

T=F/SNDSPO *PAR(4)
US -SOR T(S ND SPD** Z*( 1. GAMCAP*P DV) )
RHOZu AMOLI8.3143)*(pZITZ)

40 UPwPOV/(RHOZ*US)
RHODRHOZ*( 1.*GAMCAP*POVIl(1..(GAM-1.)*POV*0.51 IGAM*PZji'
RETURN
END
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1 SUBROUTINE SHOCKZ (RTTRP TRR9,PPRPPRRNBAD)
C THIS ROUTINE COMPUTES SHUCK ARRIVAL TIME AND OVLRP- ESURC FIP
C GIVEN DISTANCE
cc

5 C R aSHOCK DISTANCE (GIVEN)
C T aSHOCK ARRIVAL TIME
C TR, TRR - DERIVATIVES OF T WITH RESPECT TO R
C P aSHOCK I)VERPRESSURE
C PR, PRR - DERIVATIVES OF P WITH RESPECT TO R

10 C
C ALL QUANTITIES ARE COMPUTED IN SI UNITS
C

EXTERNAL SHTINT
COMMON/COMSHK/NPSPARS(4)PVP(4,4)PSCDSSCPSSCTS

15 COMMONICF20ERIGAMCAPSNOSPDPCP(4),ALOWPSCDPSCP,*SCT
C

GAMCAP-GAMCAP/SCP S SNDSPDcSNDSPD*SCD/SCT S ALOWaALOW*zCr,
SCDol. S SCP~l. $ SCT-1.
DO 15 KA-193

* 20 15 CP(KA)sPARS(KA)*SCPS*SCDS**KA
CP(4 )PARS(4)*SCTS

C THIS TRANSFORMED ICF20ERI INTO SI UNITS
C

CALL ROMBIN(SHTINTPALOWRTNBAD)
25 IF(NBAO.EQ.O) GO TO 30

PRINT 2ONBAD
20 FORMAT(1H #*RETURN FROM SHOCK2 WITH NCAOa *,T53
30 CONTINUE

C
30 P-((CP(3) /R*CP(2) )/R.CP(l)) /R

PR--((3.*CP(3)IR,2.*CP(2))/RICP(1I)IR**2
PRR((12.*CP(3)/R+6.*CP(2))/RICP(1)JIR**3
T-TI SISP D+CP (4)
SO01.* GAtICAP*P

35 TR*1./(SQRT(SQ)*SNDSPD)
TRR-0.*GAMCAP*TR*PR /SO
RETURN
END
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I. SUBROUTINE SHTINT(XPFNBAD)
C INTEGRANO FOR SHOCK ARRIVAL TIME COMPUTATION
c

COMMON/ CFZDERIGAMCAPP SIDSPOPAR(4),ALOWSCOSCPs SCY

IF(X.GT.1.E-1O) GOTO 15 S NBADU1 S RETURN
15 SQ=l.,GAMCAP*((PAR(3)IXPAR(2I I/X*PAR(I)IX

IF(SQ.GT.1.E-lOO) GOTO 25 S NBAOU2 S RETURN
25 Fal.ISQRT(SQ) S NBAOO

10 RETURN
END
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I SUBROUTINE ROMBIN (FABFINTNBAD)
C ROMBERG INTEGRATION SUBROUTINE
C

DIMENSION T(10*201,CORKM(1O)
5 C

NBD-0
CALL F(AFANBAD) S IF(NBAD*NE.O)RETURN
CALL F18,FBNBAO) S IF(NBAD.NE .0)RETURN
Ttl, I)a(FA*FB)*O.5

10 K~al S KMA-l
C

15 DENwFLOAT(KMA)*2. S FM*O
DO 25 KA-1,KMA
ACeFLOAT(1,2*(KMA-KA3 )/DEN

15 BC*FLOAT(2*KA-1)/DEN
AR GaAC *A4 BC *B
CALL F(ARGvFNvNBADl S IF(NBAD.NE.O)RETURN
FM uPM+.F N

25 CONTINUE
20 FMuFM/FLOATIKMA)

C THIS IS TRAPEZ. NOW COMPUTE ROMBERG
KM=KM~1 S KCul $ DOEN-1.

35 KC=KC*1 S DDEN*DOEN*4.
25 CORKM(KC)s(T(KC-IPKM)-T(KC-IPKM-1))I(DDEN-1.3

T(CKCPKM )-T(KC-1, KM ) C ORKM(IKC I
IF(KC*LT*KM.AND.KC.LT.10)GOTO 35J
IFIKC.GE.3IGOTO 45

30C AFTER AT LEAST 3 STEPS BRANCH TO 45 AND TEST CONVERGENCE
30 KMA*KMA*2 S GOTO 15

C
45 DO 55 KAu2,KC

YE ST. ABS C ORKM( KA I
IF(TEST.LE.ABS(T(KCKMI)*1.E-1O)GOTO 65

35 IF(TEST*LE*1.E-100160T0 65
55 CONTINUE

IF(KM.GE.20)GOTO 65
C COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS

KMAmKMA*2 S GOTO 15
40 C

65 FINT-T(KCPKMI*(B-A)
RETURN
END
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I SUBROUTINE PRTFLD(SCOISSCPRESCTIMTITLEPPRLABPRDSD,
A TARO# PINDP XPRALABPNR,#C)

C THIS IS CALLED FROM FTPFLD TO PRINT PRESSURE FIELD ADJUSTMENT RESULI

5 DIMENSION PRLAB(501,PRDSD(50), TARO( 50j, PIND(50I
DIMENSION X(3,1JR(3, 3,1),ALAB(2,1),C(3,1),TITLE(3)

LEVEL 2,XvRvALABC
C

10 COMM ONITPI NDX/IT, IP
C ITPINDX/ IS SET BY FTPFLD
C TIMEuX(IT) 9 OVERPRESSURE=X(IPIP DISTANCE-X(31
C

KH =0 S KHISml
15 DO 200 KAu1,NR

KHaKH41
C KH COUNTS OBSERVATION SETS WITHIN THIS HISTORY

IF(MOD(KHp40)eNE.1) GOTO 28

20 PRINT 10,( TITLE(J),Ja1,P3)PPRDSD(KHIS),PIND(KHIS)PTARD(KHIS)
10 FORMAT(1H1,/1H ,15X,5HEVENTp5X,3AI0,40X,21HHISTORY DISTANCE a

A 1PEIO*.,3H MvIIH #15XP5(1H-)*75X#21HSHOCK OVERPRESSURE -
8 1PE1O*3v4H PAp/,1H ,v 95X,2lHSHOCK ARRIVAL TIME a P1PEIO.3p
C 3H SJ

25 PRINT 15
15 FORMAT(IH ,I,1H 940XP31HJOINT FITTING OF ALL SPECIFIED

A 22HOVERPRESSURE HISTORIESI)
PRINT 20

20 FORMATMi 926X,315X,8HOBSERVED,4XBHSTANDARD,3XBHLST. SQo),I
*30 A IH ,2X,2HNR,1OX,6HLABELS,13X,4HTIME,7XSHERROR,4X,

B 10HC ORRECT ION# 2 Xv12HOVER PRESSURE#,3XP 5NERRORP 4Xp lONCOPRECTIO4.
C 4X,8 HD ISTA NC Er 5X p5HE RROR P4XPIHC ORRE CT ION)

IF(SCTIM.EO.1.)PRINT 21
21 FORMAT(l iN 34Xv3H(S3,8Xv3H(S)v8Xv3H(S) l

35 IF(SCTIM.NE.1.)PRINT 22
22 FORMAT(1H j,33X,5H(SCT),6X,5H(SCT),6X,5H(SCT)

IF(SCPRE.E~o.1)PRINT 23
23 FORMATI 1H~,68Xs4H(PA) ,8X,4H(PA),7X,4H(PA)

IF(SCPRE.NE.lodPRINT 24
40 24 FORMAT(1H.,69XSNCSCPI,6X,5H(SCP),6X,5H(SCPII

IF(SCOIS.EQo1.)PRINT 25
25 FORMAT(IH*,105X9 3H( M) 99XP 3H(M 97XP 3H(q))

IF(SCD1S*NE.1.)PRINT 26
26 FORMAT (1H~v 104XP 5H (SCOD)v?Xv 5H( SCDIP 6X, 5H(SCD) I

45
C THIS PRINTED HEADLINE. NEXT PRINT A DATA LINE

28 Ri1SQ0RT (R ( IT ,IT,*KA I
R2uSQRT(R( IPIPvKA))
R3=SQRT(R( 3,3,KA)l

50 IF(MOD(KH-1,5).EQO PRINT 30
30 FORMAT(1H

PRINT 40PKAPALAB(l1,KA)PALAB( 2,KA)*X(ITPKA)PRIP C (ITPKA),
A X(IPPKA),R2, C(IPpKAlvX(3vKA)vR3, C(3pKA)

b. 40 FORMAT(1H ,I4,2X,2A10,PP3(3XEll.4,1XE10.3,1XEl0.3l)
55 IF(I(A*E~oNRI GOTO 55

IF(ALAB(1,KA)oEQ.ALAB(,KA1I)l GOTO 50
KHISaKHIS.1
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C KHIS COUNTS HISTORIES
KH-0

o0 GOTO 55
50 IF(MOD(KH,40)sNEe0) GOTO 200

55 IF(SCTIM.EQ.1..AND.SCPRE.EQ.1..AND.SCDIS.EQ.1. IGOTO 200
PRINT 65,SCTINSCPRESCDIS

65 65 FORIIAT(H tJ/,1H o3lXv3lHTHE DATA ARE SCALED AS FOLLOWS:,5X,
A 16H4TIME SCT - ,1PE12.593H 5,1,111 967X,
B 16HPRESSURE SCP a ,1PE12.5,94H PAvI,1H P67X,
C 16HDISTANCE SCO - vlPEl2*5,3H M)

70 200 CONTINUE
R ETURN
END
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1 SUBROUTINE PLTLOC(PRDSTARTENONRPROFPARVPARNP,
A SCDIS9 SCPRESPSC TIME PSHOCKPTITLE)

C THIS ROUTINE PLOTS IN THE XT-PLANE THE SHOCK TRAJECTORY, THE
C LOCATIONS OF OBSERVED HISTORIES AND SOME STREAMLINES.

C PRDS(50) a HISTORY DISTANCES
C TAR(501 a SHOCK ARRIVAL TIMES
C TEND(50) a HISTORY END TIMES
C NRPROF a NUMBER OF HISTORIES OBSERVED

10 C PAR(1O) a PRESSURE FIELD PARAMETERS
C VPAR(IOPIO) a VARIANCE-COVARIANCE MATRIX OF PAR
C NP a NUMBER OF PRESSURE FIELD PARAMETERS
C SCDIS, SCPREo SCTIME a PRESSURE, DISTANCE AND TIME SCALE
C SHOCK aSUBROUTINE THAT COMPUTES SHOCK (IN SI UNUTS)

15 C TITLE(3M NAME OF EVENT TO BE USED ON PLOTS
C

COMMONIAMBCHAI AIRPRAIRTEMAIRGAMAIRMOLCHARVOPCHAREN
DIMENSION PRDS(501,TAR(503,TEND(50),TEMP(81,TITLE(3)
DIMENSION XSH(100)vYSH(100),X(3),Y(3)

20 DIMENSION PAR(IIVPAR(1OI)SOLIN(61hVSOL(6.6,100I
DIMENSION STRM(6*100)
DIMENSION XPP(10),UPP(101,UPTP(101, DPINCIOITPIN(IOI
COMMON/CSC ALElSCDISCPR, SCTI
EXTERNAL PFIELD

25 COMMON /PLOTIDUtI(6) ,PLABL(4
9 C

SCDI-SCDIS S SCPRsSCPRES S SCTIaSCTIME
RINaPRDS(1) S RsPRDS(I) S TMAXaTEND(l) S TMINuTAR(I)
DO 5 KA-2,NRPROF

*30 RINaAMINI(PRDS(KA)PRIN)
R-AMiAX1(PRDS(KA),R)
TMIN-AMIN14TAR(KA)PTMIN)

fl TMAXnAMAX ( TEND(KA)PTMAX)
5 CONTINUE

35 C
C NEXT COMPUTE SHOCK TRAJECTORY
C

RMINwRIN
RMAX-R

40 DELR-(RMAX-RMIN) 199.
00 L0 KAw1,1OO
Rl*RMIN.FLOAT(KA-11$nELR
R INDIMmR1*SCDIS
K SH K A) aRI

45 CALL SHOCK(RINDIMTDIM.POVDIMUSDIM.UPDIMRHODIMLBADI
IF(LBAD.EQ.O) GO TO 12

9N BAD aL BAD
PRINT 14PNBAD

14 FORMAT(H #*RETURN FROM PITLOC 14 WITH NBADa *,I1O)
*50 12 CONTINUE

YSH( KA)-TDIMISCTIME
10 CONTINUE

C
0 C NEXT PLOT SHOCK TRAJECTORY AND LABEL AXES

55 C
CALL PLTBEG(8.7,11.2,91.0,913,PLABL)
CALL FIXSCA(XSH,100,5.0,XSXMINXMAXDX)
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XlI)=RMIN-0.02* IRMAX-RPIIN)
X 12) uRMAX*0.02*(RMAX-RMIN)

60 X(3)-RMIN*1.01
60 CALL CONSCA(X,3,5.0,XSXMIN, XMAXDX)

CALL FIXSCA(YSH,100,4.0PYSPYMINYMAXDY)
Y( 1) TMIN-0.02*(TMAX-TMIN)
Y( 2) uTMAX.O.02*( TMAX-TMIN)

65 C ALL CONSCA(Y,92,4.0,YSYMINYMAXDY)
CALL PLTSCA(2.5,4.0,XMINYIINXSPYS)
CALL PLTAXS (DX, DYP XMI NXMAX, YMINP YMAXP 41
C ALL LABAX(DX,20 0*0YXMINXMAXYMINYMAX)
CALL PLTWND(XMINXMAXPYMINPYMAX)

70 TXu(XMAXtXMINI*0.5-15.0*0.1*XS
TY=YMAX+0. 5*YS
ENCODE( 80P 15vTEMP) TITLE

15 FORMAT(3Al0,1H)
CALL PLTSYMIOo1,TEMPPO.0,TXTY)

75 ENCODE( 80,20OTEMP )
20 FORMAT(13HDISTANCE (M))

IF(SCDIS.NEel.0)ENCODE(80P21,TEMP)
21 FORIIAT(15HOISTANCE (SCD)>)

TX=( XMAX4XMIN)*0.5-6. O*0.1*XS
80 TYsYMIN-0.5*YS

CALL PLTSYM(0.1,TEMPv0.0,TXvTY)
0 ENCODE( 80, 30, TEMP)

30 FORMAT(9HTIME (S)))
IF(SCTIME.NE*1.0) ENC ODEI 80,31PTEMP)

85 31 FORMAT(I1HTIME (SCT)')-
TX=XM IN-0.7*XS
TYaI YMIN.YPIAXI*0.5-4. 0*0.1*YS
CALL PLTSYM(Io.1TEMPv90*0,TXTY)
CALL PLTDTS(1,0,XSHPYSHP100PO)

90 C
C NEXT PLOT HISTORY LOCATIONS
C

DO 40 KA=1,NRPROF
XlI) 'PROS IKA)

95 X(2)=X(l) S X(3)-X(l)
Y(IlsTAR(KA)
Y (2) aTE NO(K A) S Y(3)sY(1)
CALL PLTDTS(l,0,XpY,3,0)

40 CONTINUE
100 C

C NEXT COMPUTE AND PLOT STREAMLINES
C

I AIRPRSCuAIRPRISCPRES
OR-0.2*(R-RIN)

105 DO 1000 I'1,5
C IN THIS LOOP COMPUTE 5 STREAMLINES

OnRINDR*( I-i)
SOLIN(3)sD
CALL STRBEG (SOLIN, TPINXPPUPPUPTPDPINLBADI

1 110 IF(LBAD*EQ.O) GO TO 700
NBAO'LBAD* 100
PRINT 690,NBAD

690 FORMAT(1H ,*ERROR RETURN IN PLTLOC 690 WITH NBAOU *,I101
GOTO 1000
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115
700 CONTINUE

N STM A Xa100
j OELTST-(TNAX-SOLIN(1)11/80.

C THERE WILL BE AT LEAST NSTMAXIZ NODES. NORMALLY THERE WILL BE 80 TO
120 C WITH THIS DELTST

CALL STRL IN(TMAX, AIRPRSC, AIRGAMPFIELDP PARP VPARP NPP SOL IN, TPIN,
I XPPUPPPtPTPDPINOELTSTPSTRMVSOLNSTMAX,LOAD)
IF(L8ADeEQ.0l GO TO 900
N BADj LB AD.300 4

125 PRINT 290,NBAD '
290 FORMAT(IH ,*ERRDR RETURN IN PLYLOC 290 WITH NBAD= *,I10)

IF(NSTMAX.LE.1) GOTO 1000

900 DO 70 KA~lvNSTMAX
130 XSH(KA)=STRM(3,KA)

YSH( KA3=STRM(1,KA)
IF(KAeLT*NSTMAX/2I GOTO 70
50.1 XSH(KA)-XSHIKA-1) )/(YSH(KAI-YSH(KA-1lI-
A (XSH(KA-1)-XSH(KA-2)II(YSH(KA-1)-YSH(KA-2)I

135 IF(SD.GT.0.) GOTO 74
C THIS TESTS FOR POSITIVE CURVATURE OF STREAMLINE AND PREVENTS
C THE PLOTTING OF NONSENSICAL TAIL OF STREAMLINE

70 CONTINUE

140 GOTO 75
74 NSTMAXwKA
75 CALL PLTDTS(I,0,XSH*YSHNSTMAXY0)
1000 CONTINUE

CALL PLTPGE
145 RETURNj END

147



I SUBROUTINE STRBEG( SOLINP TPINXPPUPPUPTPDPINNBAD)
C
C THIS COMPUTES THE INITIAL STREAMLINE NODE ON THE SHOCK AND ITS
C ACCURACY, THE SOLIN COMPONENTS ARE

5C (T, Ps R, U, RHO, U**2*RHO/2)
C THE GIVEN ARGUMENT IS THE SHOCK DISTANCE RuSOLIN(3).
C R IS ASSUMED TO BE CONSISTENT WITH THE SCALES IN /CSCALE/
C TPINXPPUPPvUPTP AND DPIN ARE INITIAL STREAMLINE VARIABLE
C DERIVATIVES WITH RESPECT TO THE PARAMETERS

10 C
C ROUTINR USES F2SHCK
C

DIMENSION SOLIN(6),TPIN(1O) ,XPP(10),vUPP(10),IJPTP( 10),DPIN(IO)

15 A FPP(1O,1O)vSOLMAT(6, 4)SCALE (4)
c

COPIMDNICSCALEISCDSCPvSCT
COMMON/CF2DER/GAMCAP, SNDSPDCPAR(43 ,ALIJWSCDC, SCPC. SCTC
C OMM ON IAMBCHAIPZv TZpG ZvAM Zp VCHPENCH vHCtIEHC H

20 COMMON/COMSHKINPSPARS(4),VPARS(4,'d.SCDSSCPS, SCTS
C

DO 25 KAu1,3
25 SCALE(KA)-( SCPSISCP)*(SCDS/SCD)**KA

SCALE( (4 )SCTS/SC T
25 DO 45 KA1,4 S PAR(KA)-SCALE(KA)*PARS(KA)

45 CPAR(KA)xPAR(KA)
C* THE NEW PARAMETERS ARE SCALED ACCORDING TO ICSCALEI
C

SNDSPO-SNDSPD*(SCT/SCTC )*(SCOC ISCD)
30 GAMC AP-GAMC AP*(SC P ISC PC

AL OW aALOW*( SCODC /SCO)
S CDCaS C D S SCPC-SCP S SCTC-SCT

C THIS TRANSFORMED ICEZ0ERI INTO ICSCALE/ UNITS

35 R=SOLIN(3)

C NEXT COMPUTE SHOCK ARRIVAL TIME
X( 11 -0. S X(2tl)*R S X( 3p1)a0.
C ALL F2SHCK IXt1, PAR*,F, FX, FPrFXXFXPVPP, NBAD)

IF(I4BAD.NE.O) RETURN

POVs((PAR(3I/R4PAR(21 I/R+PAR(l))IR
USH*SNDSPD*SQRT(1..GAMCAP*POV)

C SHOCK VELOCITY
ROSIu(AMZ/8.3143)*(PZ/TZ)

45 C ROSI IS AMBIENT DENSITY IN SI UNITS
RAMluROSI*(SCDISCT )**2/SCP

0C AMBIENT DENSITY IN /CSCALE/ UNITS
C

UPSH=POV/( RAMB*USH)
50 C PARTICLE VELOCITY AT THE SHOCK

GAMT IL=(I(GZ-ld II 2.'PGZ*PZ ))*
ROSHuRAMB*(l.,GAMCAP*POV)I(1.4GAMTIL*POV)

C DENSITY AT THE SHOCK
DPSHnUPSH**2*ROSH*0.5

55 C DYNAMIC PRESSURE AT THE SHOCK (&SPECIFIC KINETIC ENERGY)
SOLINI 1)xFISNDSPD
SOLIN(2)=POV
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SOLIN(4)*UPSH
SOLIN(5suROSH

60 SOLIN(6)*DPSH
C
C NEXT COMPUTE INFLUENCE MATRIX SOLNAT WHICH EXPRESSES THE
C RELATION BETWEEN SOLIN AND THE PARAMETER VARIANCES VPARS

DUM=R..4GAMCAP*POV
65 UPFACTm'UPSH*(1./POV-0.5*GAMCAP/DUM)

ROFACTo1./(SNDSPD**2*DUM*(1.,GAMTIL*POV)I
DPFACTu(UPSH**2*ROFACT*2.*UPSH*ROSH*UPFACT3*O. 5
DO 65 KAa1,3

65 SOLMAT(2#KA)u1.IR**KA
70 SOLMATZp4U0.

DO 75 KA~l,4
SOLMAT( 1,KA)=FP(KA)ISNDSPD
SOLMAT(3vKA)m0.
SOLMAT(4',KA )sUPFACT*SOLMAT( 2,KA)

75 SOLMAT(5,KAJUROFACT*SoLMAT(2,KA)
75 SOLMAT(6,KA)UDPFACT*SOLMAT(2,KA)
C

DO 105 KAm1,10 S XPP(KAI=O S UPP(KA~sO S TPIN(KAI-O S DPIN(KA)uO
105 UPTP(KA)*0

80 POVRu-((3.*PAR(3)/R*Ze*PAR(2111R*PAR(l))/R**2
UPT--POVR/R0SH

C OUIDT OF PARTICLE VELOCITY AT SHOCK
DO 115 KAsl#3
TPIN(KA+5 )*SOLMAT(1,KA)

85 DPIN(KA.5)-(R0FACTIROSI-./LGZ*(POV+PZ/SCP)))*SOLMAT(2,KA)
UPP( KA*5)-SOLMAT(4#KA)

115 UPTP(KA*5)-UPT*(-SOLMAT(5,KAI/ROSH+FLOAT(-KA)I(R**(KA*1l*POVRD 3
TPIN(9)=SOL!AT( 1,43
RETURN

90 END
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1SUBROUTINE SHODER( RvTTRTPPTRRTRPPTPP,
APOV, PR, PPPPRRPPRPPPPPNBAD)

C THIS COMPUTES FOR GIVEN DISTANCE R THE CORRESPONDING
C SHOCK TIME T AND OVERPRESSURE POV, AND DERIVATIVES

5 C SUBROUTINE USES F2SHCK TO COMPUTE SHOCK ARRIVAL TIME
C ALL ARGUMENTS ARE ASSUMED TO BE IN SI UNITS
C

DIMENSION TP(1O),TRP( 10ITPP(1OPl0),PP(1OJPRP(10JPPP(lQPLOl,
A S PAR (10,X (5P1 ),PF X (5) FP (101)PFXX ( 5p5) PF XP ( 5,10 1PFPP (10P,10

10 C
C OMMONICO MSHKINP SoPAR SH(4 ) PVP ARSH (49 4 ) SC DI S SCPREP SCT IM
C OMMONICF 20ER IGAMC A PtSNDS PDPPR S( 4) ALOW.9SCD PSC PSCT
GAMCAP*GAMCAP/SCP S SNDSP~mSNDSPD*SCOISCT S ALOWsALaw*scD
SCD-I. S SCP-1. S SCTw1.

15 C THIS CHANGED ICF2DER/ TO SI UNITS
IF(NPS.GEeO.AND.NPSeLEe5)GOTO 15

C THIS IS CODED FOR NPS - NUMBER OF SHOCK PARAMETERS *4
NBAD=IABS(NPS) S RETURN

25 NBAD-25
20 PRINT 279,NBAD

27 FORMAT(IH ,*RETURN FROM SHODER WITH NBADs *PIS)
R ETURN

C
15 IF(RaLE.0.)GOTO 25

25 NBAD-0
IF(NPS*EQ,0IGOTO 55

C NOW COMPUTE SHOCK OVERPRESSURE IN PASCALS BY 3-PARAMETER FORMULA
DO 35 KA1l,3

30 35 SPAR(KA)UPARSH(KA)*SCPRE*SCDIS**KA
SPAR(4)=PARSH(4)*SCTIM

C SPAR IS FOR COMPUTATION OF PaY IN PASCALS WHEN R IS IN METRES
C

POVu((SPAR(3)/R+SPAR(21))IRSPAR(1))IR
35 PR--( (SPAR(3)*3./RSPAR(2)*2.)/R.SPAR(1))lR**2

PRR-((SPAR(3)*12./R+SPAR(2J*6.)/R+SPAR(1)*2.)/R**3
C

DO 37 KA~1,10 S PP(KAI-0 S PRP(KAI=0
TP(KA)wO S TRP(KA)mO

40 00 37 KB1,10 S TPP(KAKB)-0
37 PPP(KAKB)-a

C
C ASSUME THAT SHOCK PARAMETERS ARE NR* 6,7,8,9.

PP(6)u1.IR S PP(71=PP(6)IR S PP(S)uPP(7)/R
45 PRP(61=-PP(7) S PRP(7)--2.*PP(S) S PRP(8)u-3.*PP(BIIR

*C NEXT COMPUTE SHOCK ARRIVAL TIME* X(11-PRESSURE, X(3)=TIME
X(ltl~u0 S X(291)*R S X(3,1)0O
CALL F2SHCK(X,1,SPARFPFXPFPFXXFXPFPPNBAD)

C
50 IF(NBAD.EQ.0) GO TO 40

PRINT 38,NOAD
38 FORMAT(IH ,*RETURN FROM SHODER AFTER F2SHCK WITH NBADs *,15)

* GO TO 55
40 TwFISNDSPD S TR-FXI2)/SNDSPD S TRRoFXX(2,2)/SNDSPD

55 C
DO 45 KA=IPNPS S TP(5+KA)-FPIKA)/SNDSPD
TRP( 5+KA)mFXP(2,KAIISNDSPD
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DO 45 KB-1DNPS
45 TPP(5,KA,5,KBIuFPP(KAKB)/SNDSPD

60 C
55 CONTINUE

R ETURN
END

151



SUBROUTINE F2SHCK( XXKAPARF, FXFPFXXPFXPPFPPNBAD)
C THIS IS SECOND CONSTRAINT COMPONENT FOR SHOCK FITTING
C

DIMENSION XX(5,100IPAR(10),FX (5),FP(1O),FXX( 5,5),FXP(5,1Ol,
5 A FPP(10.10)PSF(9)

EXTERNAL F2DER
C OMMON/CF 2DERIGAMCAPPSNDSPD9C PAR (4),vALOWP SC DtSC P.9SCT

C GAMCAP=I(1l.4GAM)ItZ.*GAM3)*(SCPRIAMBPR)
C GAMCAP, SNOSPO AND ALOW ARE SET BY SUBROUTINE SCALSH

10 C4
DO 15 KB=1,4

15 CPAR(KB)mPAR(KB)
C THE PARAMETERS CPAR WILL BE USED BY SUBROUTINE F2DER

X=XX(2,KAI
15 00 25 KBmlv3 $ DO 25 KCU1,3

25 FXX(KBKC 1=0
IF(X.GT.l.E-30) GOTO 35 S NBADu1 S RETURN

C
35 NBAD-O

20 SQu1.,GAMCAP*((PAR(3) IX.PAR(2) )/X+PAR(1) )Ix
IF(SQ*GT.1.E-50 ) GOTO 45 S NBADu2 S RETURN

45 FX(1I-0. S FX(23-1.ISQRT(SQ) % FX(31--SNDSPD
FXX( 22 U. 5*GAMCAP*F X(2)*( (3. *PAR( 3) IX.2.*PAR(2)) IX
AGPAR (1) )IX*X*SQ)

25 C COMPUTE PARTS OF F2 AND DERIVATIVES BY MULTIPLE QUADRATURE
CALL ROMULT(F2DERALUWPXPSFPNBAD)
IF(NBAD*EQ.O) GOTO 55 S NBAD=NBAD*10 S RETURN

55 F-SF(1)l(PAR(4)-XX(3,KAI)*SNDSPD
FP(1)*SF(2) S FP(2)-SF(3) $ FP(3)aSF(4) S FP(4)-SNDSPD

30 FPP(1,1)=SF(5) S FPP(1,2J-SF(6) S FPP(1,3)-SF(7)
FPP(2,1)-SF(6) $ FPP(2,2)uSF(7) S FPP(2p3)uSF(8)
FPPt3,135SF(7) S FPP(3,2l=SF(8) $ FPP(393)*SFI,9)
DO 65 KBu1,*4 $ FPP(4,KB~sO $ FPP(KB#4100 $ FXP(1,KBI*O

65 FXP(3,KB)=0
35 FXP( 2,1)u-0.5*GAMCAP*FX(2)I(X*SQ)

FXP(2,2)=FXP(2pl)IX $ FXP(2,93)aFXP(2,92)IX S FXP(2#4)aO
RETURN
END
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1 SUBROUTINE F2DER(XFPNBAD)
C INTEGRAND FOR NINE COMPONENTS OF F2 AND DERIVATIVES
C USED BY F2SHCK AS ARGUMENT OF ROMULT
C*15 DIMENSION F(9)

COMMON/CFZDERIGAMCAPSNOSPDP PAR(4),ALOWSCDPSCPPSCT
C GAMCAPu((1.*GAMI/(2o*GAM) )*(SCP IAMBPR)
C GAMCAPP SNDSPO, ALOW AND SCALES ARE SET BY SUBROUTINE SCALSI4

10 NBAD=O S IF(X.GTol.E-301 GOTO 15 S NBAD.1 S RETURN
C

15 Ya1.IE
SQ=l.,GAMCAP*((PAR(3)*YPAR(2)*YPAR(1))*Y
IF(SG.GT.1.E-5O ) GOTO 25 S NBAD-2 S RETURN

15 C
C INTEGRANDS CORRESPOND TO FOLLOWING QUANTITIES

C FPFP(1), (2),(3)PFPP(1,1),(1,2),(1,3)E(2,2),(2,3b, (3,3I
25 F(1)uIlISQRT(SQ)

bi F (2) -O0.5*GAMCAP*F( 13*YISQ

20 F(3)aF(2)*Y S F(4)=F(31*Y
F(51 --1.5*GAMCAP*F(31ISQ
F(6)sF(5)*Y S F(?)=F(6)*Y S F(S)*F(?)*Y S F(9)sF(81*Y
RETURN
END
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I. SUBROUTINE RDMULT(FpApBvSFvNBAO)
C ROMBERG INTEGRATION OF A 9-DIMENSIONAL VECTOR FUNCTION

DIMIENSION SF(9),TI9,10,20).FA(9)vFB(9),FN(91, FM(9),CORKM(9910)
5 C

NB AD u
CALL F(APFANBADI S IF(NBAD.NE.0) RETURN
CALL F(BPFBPNBAD) $ IF(NBAD.NE.0) RETURN
DO 14 KDml,9

10 14 T(KD,1,1)u(FA(KD).FB(KD))*0.5
K~al $ KMAu1

C
15 DO 16 KD1,p9
16 FM(KD)u0

15 DENuFLOATCKMAI*2.
DO-25 KA-1,KMA
ACaFLOAT(3.*Z*(KMA-KA )I/DEN S BCoFLOAT(2*KA-11IDEN
ARG-AC*A+BC*D
CALL F(ARGvFNNBADD $ IF(NBADeNE.0) RETURN

20 DO 23 KO-vl,9
23 FM(KD~oFM(KDI+FN(KD)
25 CONTINUE

DO 26 KD-1,9g $ FM(KDlaFM(KDIIFLOAT(KMA)
26 T(KD,1,KM+13u(T(KDvlKM).FM(KDI)*0.5

25 C
C THIlS IS TRAPEZ. NEXT COMPUTE ROMBERG

KMaKM41 $ KC-1 S ODENal.
C

35 KC-KCG1 $ DDEN-DDEM*4.

*30 DO 37 L*1,9

37 T(LPKCKM)-T(LPKC-1,KM).CORKM(LKCI
IF(KC.LT.KM.AND.KC.LT*10) GOTO 35

C
35 IF(KM*GE*3) GOTO 45 S KMA*KMA*Z $ GOTO 15

- .C AFTER THREE STEPS TEST CONVERGENCE
-- C

45 IF(KMeGE.20) GOTO 56
C MAXIMUM OF 20 STEPS ALLOWED

40 C
DO 53 Lol,9
TEST. ABS(CORKM( LKC I)

C KC-MIMtKMv10l
IF(TEST.LE*1.E-100) GOTO 53

45 IF(TEST.LE.ABS(T(LKCKMI)*1.E-10) GOTO 53
KMA=KMA*2 S GOTO 15

53 CONTINUE
C

56 DO 58 L-1,9
50 58 SF(L)-T(LvKCPKMI*(B-A)

RETURN
END
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I SUBROUTINE STRLIN(TMAXAIRPRAIRGAMPFIELDPARVPARNPARSOLIN,
A TP! NXPP, UPPUPTPDP INDTSLI NA, VSLINANMAXA, NBAD)

C THIS COMPUTES A STREAMLINE STARTING WITH SPECIFIED INITIAL
C VALUES AND ENDING AT TMAX

5 C
C TMAX aTIME AT END POINT OF STREAMLINE. THE ACTUAL TIME
C CAN BE BY DT LARGER THAN TMAX
C AIRPR a AMBIENT PRESSURE
C AIRGAM a RATIO OF SPECIFIC HEATS

10 C PFIELD aPRESSURE FIELD SUBROUTINE
C PARVPARNPAR *PARAMETERS, THEIR VARIANCE AND NUMBER FOR PFIELD
C SOLIN(61 INITIAL VALUES ON STREAMLINE, VIZ.
C TIME, PRESSURE, DISTANCE, VELOCITY# DENSITY,

15 C TPN1)*DYNAMIC PRESSURE (a KINETIC ENERGY DENSITY)
15 CTPIN10)D/DPAR OF THE INITIAL TIME

C XPP(101 DIOPAR OF INITIAL POSITION
C UPP(103 * /OPAR OF INITIAL PARTICLE VELOCITY
C UPTP(10) aD/DPAR OF INITIALL PARTICLE ACCELERATION
C DPIN(1O) a DOPAR EXPRESSION NEEEDED FOR INTEGRATION OF UPP

*20 C DT aTIME INTERVAL FOR INTEGRATION
C
C THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE
C
C SLINA(6pNMAXA) - FLOW VARIABLES ALONG THE STREAMLINE (T#P#RPU#RHOPU**20

25 C VSLINA(6v6,NMAXA)z VARIANCE-COVARIANCE MATRIX OF SLINA
C NMAXA aMAXIMUM NUMBER OF NODES IN SLINE
C WILL BE REPLACED BY ACTUAL NUMBER COMPUTED
C NBAD aERROR INDICATOR
C

30 DIMENSION PAR(1O),VPAR(1PO,1),sOLIN(6), TPIN(10),XPP(10),UPP(IOI,
A UPTP(10),DPIN(1OISLINA(6,100),VSLINA(b66, 10)

C
COMMON/SCRCH3/ X(3,1),FX( 3)PFP(10),FXP( 3,10),FXX(3,3),FPP(I0,1I
LEVEL 2PXPFXFPPFXPPFXXPFPP

35 COMMON/TP INDXIITv IP
C ITPINDX/ IS SET BY FTPFLD
C TIME=X(IT) , OVERPRESSURE*X(IPIP DISTANCE-X(31

DIMENSION UT(2),XP(2, 1O),UTP(2,1O),UP(2,1IISOLMAT(6,10)
40 APU(2 IUTT(2)PSLINE(6, 51),VSLINE(6,6,5lI

C SLINE AND VSLINE ARE WORKING AREAS WITH LENGTH NMAX
DATA (NMAX-51)

C
N BADsa

45 DO 9 KAwlp6
SLINE (KA, 1) SOLIN(KA)

9 SLINA(KA#1)-SOLIN(KA)
IF(NMAXA*GT.2)GOTO 12
NMAX A a

*50 NBAD=11 S PRINT 11, NBAO S RETURN
11 FORMAT( 1H0,lOXP30HRETURN FROM STRLIN WITH NBAD wpI1
12 IF(DT.GT.O.) GOTO 15

IF(SLINA(1,1)eGE.TMAXl GOTO 15
NMAXAmO

55 NBADwIZ S PRINT 11PNBAD S RETURN
C DT IS PERMITTED TO BE ZERO FOR ONE POINT STREAMLINE

15 IF(SOLIN(3)eGT.0s) GOTO 25
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C CHECK FOR NEGATIVE INITIAL DISTANCE
NMAXA=O

60 NBADsI5 S PRINT 11, NBAD S RETURN
25 CONTINUE

ROZuSOLIN(5) S GEXP=I./IlRGAM S PRZ-SOLIN(2)+AIRPR
DO 31 ImI,2
DO 30 KAU1,NPAR S XP(IPKA)=XPP(KA3 S UP(IrKA~mUPP(KA)

65 30 UTP(IKA~nUPTP(KA)
31 CONTINUE

C
X(ITvlIISLINE(1,1) S X(IP,'l10O.0 S X(3*1)aSLINE(3#1)

C TIME PRESSURE DISTANCE
70 CALL PFIELD(X,1DPARFFXFP,*FXXPFXPFPPPLBAD)

3500 IF(LBAD.EO GOTO 39
NMNAX A 0
NBAD*3500+LBAD S PRINT 11, NBAD S RETURN

C
75 39 UT(1)u-FX(3)*(PRZ/(F*AIRPRI)**GEXP/ROZ

C DU/OTa-(DP/DRJ*(POIP)**(1IGAMMA)/RHOZERO
U(IuSLINE(4#1)
UTT(1)aUT(1)*(-GEXP*(FX(1T3+Utl3*FX(3))/(F+AIRPR)
A *(FXX(IT,3)4U(1)*FXX(3,33 )IFX(3)

80 DTSTORaDT S TSTORaSLINA(1,1).DTSTOR S KTa1
C COMPUTATION RESULTS WILL BE STORED APROXIMATELY FOR TSTOR
C KT COUNTS STORAGE IN SLINA AND VSLINA
C THIS IS ACTUAL INTEGRATION INTERVAL. WITH DTSwO GET FIRST NODE

DTS=O.
85 KAil

C
C NEXT STATEMENT IS BEGINNING OF INTEGRATION LOOP

45 SLINE(3,KA+1)=SLINE(3,KA)+DTS*(U(13,0.5DTS*(UT(1),DTS*UTT(13/3.)
C NEW DISTANCE BY FOURTH ORDER FORMULA IN OTS

90 SLIME (1,IA.1)uSLINECI.,KAl.DTS
C NEW TIME

DO 47 K8wlvNPAR
47 XP(2,KBI-XP(IPKB)+DTS*(UP(IKB).0.5*DTS*UTP(1,KB) 3

C NEW DXIDPARAMETER. THIRD ORDER ERROR IN OTS
95 C

X(IT ,l3RSLINE(1,KA+1) S X(IP,1)sO.0 S X(3plisSLINE(3,KA+1)
CALL PFIELD(X,1,PARFFXFPFXXPFXPFPPLBAD)
IF(LBAD.EQ90) GOTO 55

5100 NBAD*5100*LBAD S PRINT Ii, NBAD
100 C KTwKT-1 S GOTO 155

55 SLINE(2vKA*1)=F
C NEW PRESSURE

UT(23u-FX(33*(PRZI(F*AIRPR3)**GEXP/ROZ
105 U(2)-U(1).0.5*DTS*(UT(1)+UT(2))

C FIRST APPROXIMATION OF NEW VELOCITY. THIRD ORDER ERROR IN DTS
L~. UTT(2Z=UIT(23*(-GEXP*(FX(ITI*U(Z)*FX(3)l/(FAIRPR)

A *(FXX(IT, 3)*U(2)*FXX(3,3 3)IFX(3)
U(2) .U(21+(UTT(l)-UTT(2)3*DTS**2/1Z.

110 C NEW VELOCITY. FIFTH ORDER ERROR IN OTS
SLIME (4#KA.1I.U(2)
DO 65 KB-lvNPAR
UTP( 2,KB)=UT(2)*(-DPI N(KB 3
A -(FP(KB),FX(33*XP(2, KB)3*GEXPI(F.AIRPR)
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115~ B (FXP(3,K8).FXX(3,3)*XP(2,KB'IIFX(3))

65 CONTINUE
C NEW DUIDPARAMETER. THIRD ORDER ERROR IN DYS

SLINE(5,KA+IlJROZ*( IF+AIRPR)/PRZ)**GEXP
*120 C NEW DENSITY

SLINE I6,KA+1)s0.5*SLINE(5,KA*1 )*SLINE(4,KA.1)**2
C NEW OYNAMIC PRESSURE
C
C NEXT COMPUTE VARIANCE ESTIMATES OF SOLUTION

125 DO 75 KBulvNPAR
SOLMAT( 1,KB )TPIN(KBI
SOLMAT(2,K8)uFP(KB)+FX(3D*XP(2.KBI
SOLMAT( 39KB).XP(Z,KBI
SOLMAT( 4,KB )-UP(2#KB)

130 SOLMAT(5,KB)USLZNE(5,I(A*1J*(DPINIKB)
A +GEXP*(FP(KB),FX(3),XP(2,KB)+FX(IT)*StLMAT(1KBI)I(F+AIRPRI
SOLMAT16,KB)u0.5*SLINEf4,KA+1)*(SLINEt5,oKA1I)'SLMAT(

4,KBDI 2 .

A +SLINE(4,KA*1)*SOLMAT(5,KB)l
75 CONTINUE

135 C SOLMAT IS THE JACOBIAN MATRIX DSLINEIDPARAMETER
DO 95 KBu1,6 S DO 95 KC-1,6
VSLINE(KBPKC,*KA*1)2O.
DO 85 KDu1,NPAR S DO 85 KEmlNPAR
VSLINE (KBKCKA,1)=VSLINE(KBKCKA*1I*

*140 A SOLMAT(KBKD)*VPAR(KDKE)*SOLMAT(KCKE)
85 CONTINUE
95 CONTINUE

C
C NOW STORE RESULTS IF TSTOR REACHED

145 KAmKA.1
IF(KToEQ.1)GOTO 97
IF(SLINE(1,KA).LT.TSTOR-DTS*O.2)GOTO 125

97 DO 99 KB=1,6 S DO 98 KC*1,6
98 VSLINA(KBKCKT)*VSLIN4E(KBKCKA)

*150 99 SLINA(K8,KT)USLINE(KBKA)
C

IF(SLINA(1,KT).GE.TMAXIGOTO 155

C BRANCH TO 155 WHEN END OF STREAMLINE REACHED
T STO R *SLI NA (1,K T ) DTS TOR

155 C TIME VALUE FOR NEXT NODE TO BE STORED IN SLINA
KTOKT41 S DTS*DT*O.2

C AFTER FIRST NODE CONTINUE WITH DTS.GT.Oo
C

IF(KT.LT.NMAXA)GOTO 115

*160 C
*C THIS IS PROGRAMMING ERROR. WITH GIVEN DT END TIME CANNOT

C BE REACHED IN NMAXA STEPS. CORRECT BY INCREASING DT
OTSTORmDTSTOR*Z.

C ELIMINATE HALF OF STORED RESULTS
165 KC-2 S KBw3

102 DO 104 KD=1,96 S DO 103 KEs1,p6
103 VSLINA(KDKEPKC)uVSLINA(KD,*KEPKB)

1 0 104 SLINA(KDKC)-SLINA(KDPKBI
KC=KC41 S KB=KB*2

*170 IF(KB.LEeNMAXA)GOTO 102
KT-KC-1 S TSTOReSLINA(IKTI*DTSTOR

157



GOTO 125

i 15115 IF(KT.LEo2)KA-1

ri 175 c125 IF(KAeLTeNMAX)GOTO 145
C
C NOW WORK AREA IS OVERFLOWING* ELIMINATE OLD STUFF

KCu2 $ KB*3
80O 131 DO 133 KDu1,6 S DO 132 KEu1,6i132 VSLINE(KEKDKC)*VSLINE(KE,#KDKBI

133 SLINE(KDPKC)-SLINE(KDKB)
KC=KC.1 S KB-KB42
IF(KB*LE.NIIAX)GOTO 131

185 KAwKC-1 S IFIKB.EQ.NNAX.1) GOTO 45
C
C PREPARE FOR NEXT INTEGRATION STEP

145 U(1)*U(2) $ UT(1)mUT(2) S UTT(1)-UTT(2)
DO 148 KBmlNPAR S XP(1,pKBlmXPf2#KB) S UP(1,KS)uUP12PKB)

190 148 UTP(IPKB)=UTP(29KO)

155 NMAXA=KT
RETURN

I 9 END

158



SUBROUTINE DIMFLD(SCDSCPPSCTEXNUPPVPPERZNP,A PDIM, VPD IM, TITLE I
C THIS COMPUTES THE VALUES OF PRESSURE FIELD PARAMETERS

ri C AND OF CORRESPONDING VARIANCES IN SI UNITS.
5 C IT IS CALLED FROM MAIN AFTER PRESSURE FIELD ADJUSTMENT BY FTPFLD

C
DIMENSION P(10),VP(1O,10hPPDIM(10), VPOIM( 1D,103,TITLE(3)
DIMENSION EXNU(3)
DIMENSION SCMAT(10,1O)vDIM(10)pCORf1O,1O)

10 c EXA-EXNU(l) S EXBEXNU(2) S EXCEXNU(3) 4
DO 15 KA=191O S DO 15 KBm1,10

15 SCMAT(KAKB)uO
17 FORMAT(F4.1,A5)

15 TX*5H/S S ENCODE( 9p17,DIM(1D)EXAvTX
EXA2=EXA-1. $ ENCODE( 9,17,vDIM(2)) EXA2,TX
TX=5HIS**2 S ENCODE( 9,17vDIM(3)) EXBTX
EXB2-EXB-1. S ENCODE( 9,17PDIM(41I EXB2pTX
TXs5H*PA S ENCODE( 9,17,DIM(511 EXCTX

20 EXC2uEXC-1. S ENCODE( 9,17,DIM(6)) EXC2,TX
C

SCMAT(1,1 Du5CD**EXA/SCT
SCMAT(2t2)-SCD**(EXA-1. )/SCT
SCMAT( 3,3IuSCD**EXBISCT**2

25 SCMAT(4941-SC0**(EXB-1.IISCT**2
SCMAT(5,5)-SCD**EXC*SCP
SCMAT(6p6)-SCD**( EXC-1. )*SCP

C
DO 45 KAs1,NP S PDIM(KA)=O

30 DO 35 KB-1,NP S VPDIM(KAPKB)uO
DO 25 KC~lNP S DO 25 KD~1.NP

25 VPDIM(KAKBIuVPDIM(KAKB),SCNAT(KAKCJ*VP(KCKD)*SCMAT(KBI
35 PDIM( KA)sPDIM(KA )GSCMAT(KAKB )*P(KB I
45 CONTINUE

35 C
PRINT 50, (TITLE(J)vJulv3)

50 FORMAT(1141,//P1H *1OX,5HEVENT95X,3A10,I,1H v10Xp5(1H-)
PRINT 55

55 FORMAT(1H ,III,1H ,1OXP3HDIMENSIONAL VALUES OF PRESSURE,
40 A 17H FIELD PARAMETERS.,/)

PRINT 65
65 FORMAT(1H0,10XIOHPARAMETERS,5X,83HSTANDARD,7X,8HSTANOARD,

A5Xv9HDIMENS IONP I,1H v 26XP 6HERRORS,7X,1OHERRORS*ERZ,/I
DO 85 KA-1,NP

45 PEReSQRT(VPDIM(KAKAII S PERZ=PER*ERZ
S PRINT 75, PDIM(KA),-PERPERZDIM(KA)

75 FORMAT( 1H ,9X,1PE12.5, 3K, PElO.3,4XIPElO.35X,3HM**,A9)
85 CONTINUE

PRINT 8?PEXAPEXBEXC
50 87 FORMAT (lIi ,I(,IH ,10X#29HTHeE EXPONENTS IN THE PRESSURE,

A ieH FIELD FORMULA AREpII,1H ,1OX94HNA =,OPF5*2,I,
B 1H ,1OX,4HNB =POPF5.2,I,1H v1OX,4HNC *,OPF5.21

C NEXT COMPUTE AND PRINT CORRELATION MATRIX
55 DO 88 KAs1,NP S DO 88 KB=19NP

88 COR(KAKB)-VP(KAKB)ISQRT(VP(KAvKA)*VP(KBKBI)
PRINT 89
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0

89 FORMATI 11*/I1H P1OX*2bHCDRRELATION MATRIX OF THE,
A1OHPARAMETERS.I/)

60 00 91 KAw1,NP
PRINT 90,(COR(KA9JhpJ-1,NP)

ra 90 FORMAT(11 ,8Xiv6(2X#OPF1.8'))

65 PRINT 95,EXCPEXAEXOPEXC
*95 FORMAT(IHOII/,1H PIOX934HTHE OVERPRESSURE MODEL IS GIVEN BYII,

AIii P20XZLNP - (PSHOCK(R)-P5IR**F4eiliI.)v
8 25H * EXP( TAU*(Pl+P2*R)/R**,F4.1,3H+v
C 20HTAU**2*(P3.P4*R)IR**PF4.19ZH 1#9H + P5/R**,FI,.1,1HII,

70 0 IH P20X,5HWHERE,5X,1?HTAU a T-TSHOCK(R),/I)
C

PRINT 105
105 FORMAT(1H ,lI,1H PLOXZ7HVARIANCE-COVARtANCE MATRIX

A33H(NOT INCLUDING THE FACTOR ERZ**2)tiil
75 DO 125 KA=1,NP

PRINT 115,(VPDIM(KAJ )#J1,NP)
115 FORMAT(1H #1OX,6(3XIPEIZ*5)
125 CONTINUE

PRINT 127
so 127 FORMAT(114 ,iII)

RETURN S END
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1 SUBROUTINE PLTFLD(TITLETARDPINDPARPVPARERZNPNRPROF)
C THIS ROUTINE PLOTS INDIVIDUAL OVERPRESSURE HISTORY OBSERVATIONS
C AND CORRESPONDING PRESSURE FIELD FUNCTION
C IT IS CALLED FROM FTPFLD AFTER ADJUSTMENT

C TITLE(3 w NAME OF THE EVENT
C TARD(50) a SHOCK ARRIVAL TIMES AT THE HISTORY LOCATIONS (S)
C PIND(50) a INITIAL SHOCK OVERPRESSURE AT HISTORY LOCATIONS (PA)
C PAR(10) - PRESSURE FIELD PARAMETERS

10 C VPAR(IO10) a VARIANCE-COVARIANCE MATRIX OF PAR
C ERZ a STANDARD ERROR WITH WEIGHT ONE
C NP - NUMBER OF FIELD PARAMETERS PAR
C NRPROF a NUMBER OF HISTORIES

15 C THE ROUTINE USES PFIELD TO COMPUTE THE FITTED PRESSURE

DIMENSION TITLE(3)PTARD(501 PIND( 5O)PPAR(IOI)VPAR(IOPOI

COMMON/COMPRITP( 2, 5000) PERTP(25000),ALB(2, 5000)PNSET(50),
20 A DIST(50),ERDIST(50)

LEVEL 29TPP ERTPPALBPNSETv DIST# ERDIST
C ICOMPRI CONTAINS INPUT TIMES AND OVERPRESSURES#

C NSET GIVES THE NUMBER OF SETS IN EACH HISTORYP
C DIST CONTAINS HISTORY DISTANCES

25

COMMON/SCRCH2/X(3v5000) ,R(3p3,5000 )LSTX(50001,XC(3,5000)•
A C(3,5000) , WORK(130T)LSTN(5000)
LEVEL 2pXRPLSTXPXCPCWORKLSTN

C FROM/SCRCH2/ONLY XC IS NEEDED TO PLOT
30 C THE CORRECTED OVERPRESSURES AND TIMES

COMMON/TPINDX/ITC, IPC

COMMONICSCALEISCDIPSCPRPSCTI
C ITPINDXI AND ICSCALEI ARE USED BY PFIELD

35
COMMON/CPARGIXF(3,1)PFX(3)PFP(10FXX(3p3)PFXP(3IO),PFPP(IOP10)
LEVEL 2*XFPFXPFPPFXXFXPFPP

C THESE ARE ARGUMENTS OF PFIELD

40 COMMONIPLOTIERFPD(5)PPLABL(4)
C /PLOT/ CONTAINS CONFIDENCE FACTOR ERF AND PLOTLABEL

DIMENSION XP(201),YP( Z011,RE(Z,2),TEXT(10),EP( 201) - -

45 IF(ERF.LE.09)ERF2.O-

CALL PLTBEG(22.0Z8,5,03937j,13PLABL)
C PLOTTING SCALES ARE IN CENTIMETRES

50 KCS*O
15 DO 155 KHmINRPROF

KSET-NSET(KH) S IF(KSET.LE.O)GOTO 155

C NEXT FIND EXTREMA FOR A HISTORY AND FIX SCALES
55 KINT•KCS+

XP(1I-TP(1,KINTl S XP(Z-XP(I-
XP(I)-AMIN1(XP(1),TARD(KH))
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YP(1)=TP( 2,KINT3 S YP(23-AMAX1(YP(IlPIND(KH))
00 25 KAuIKSET

60 KC*KCS4KA
XP(1)uAMIN1(XP(1hPTP(1,KC)-ERTP(1,#KC)*ERFI
XP (2 ) AMAX1( XP(2 3,TP( 1,KC ).ERTP( 1,KC) sERF)
YP(1)=AMIN1(YP(1hPTP(2,KC)-ERTP(2,KC)*ERF)
YP(2)UAMAXI(YP(2),TP(2,KC)SERTP(2,KC3*ERF)

65 25 CONTINUE

C NEXT FIX SCALES
XSIZEOI2.0 S YSIZE=10.0
AUGX=AMAX1( XP(2)-XP(1 ),0.001)*0.05

70 XP(3)=XP(l)-AUGX
XP(4)-XP( 2).AUGX
CALL FIXSCA(XP,4,XSIZEXSXMINXMAXDX)
AUGYU AMAX1it P (2 )-YP(1), 1.E3) *0. 05
YP(3)-YP( l)-AUGY

75 YP(4)*YP(234AUGY
CALL FIXSCA(YP,4,YSIZEVSsYMINYMAXDY)

CALL PLTSCA(6.0,10.OXMNNYMINXSPYS)
CALL PLTAXS (DXDYXMINXMAXYMIIYMAX,4)

80 CALL LABAX(DX,2 0 0*DYPXMINXMAXYMqINYMAX)

C NEXT PLOT HEADLINE ETC.
HT=0.25
ENCODEtaD, 31,TEXT)

-< 85 31 FORMAT(9HTIIE (Sl)')
XTu( XNIN+XMAX)*0.5-4.0*HT*XS
YT-YMIN-YS*1.4
CALL PLTSYM(HTTEXTo,0.,XT,YTI
ENCODE( 80, 32, TEXT)

90 32 FORMAT(18HOVERPRESSURE (PAD')
XToXMIN-XS*1.8
YT=( YMINiYMAX 3*0. 5-8. 5*HT*YS
CALL PLTSYN(HTPTEXT,90*0,XTYT)
ENCODE(80,33,TEXT) (TITLE(J),Ju1,3I

95 33 FORMAT( 3Al0,1H).)
XT=( XIN.XMAX)*0.5-15.0*HT*XS
YT=YMAX.YS*2. 3
CALL PLTSYM(HTPTEXT#0.0,XTYTI
YT*YMAX+YS*1. 5

100 ENCODE( 809 34, TEXT)AL8 (1,KINT)
34 FORNAr(AlIN'I

CALL PLTSYM(HTTEXT,0.0,XTPYT)
ENCODEt 80,O 35, TEXT)

35 FORMAT(26HFITTED OVERPRESSURE FIELD>)
105 XT=(XMIN+XMAX)*0.5-12.5*HT*XS

YT*YMIN-YS*2. 5
CALL PLTSYM(HTPTEXTP0.0,XTPYT)
ENCODE(80, 36, TEXTl

36 FORMAT(37HCONFIDENCE LIMITS AND ERROR ELLIPSES-%)
110 XT*XMIN

YT*YMIN-YS*4.0
CALL PLTSYM(HTPTEXT,0O.0,XTYT)
ENCODEI 80,37, TEXT)ERF

37 FORM AT( 14HCORRES POND TO POPF5e2p17H STANDARD ERRORS')
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k 115YT-YT-2.O*HT*YS
CALL PLTSYM(HTTEXTO.OXTYTI
ENCODE( 809 38, TEXT) ERZ

38 FORMAT(16HTHE FACTOR ERZ splPE9.2,17H IS NOT INCLUDED>)
YT-YT-4.O*HT*YS

120 CALL PLTSYM(HTv TEXT# o OXT, YT)
ENCODE( 809,39,TEXT)

39 FORMAT(23HIN THE ERROR ESTIMATES>)
YT-YT-2.O*HT*YS
CALL PLTSYM(HTvTEXtO.0,XTPYT)

125 CALL PLTWND(XMINPXMAXtYMINPYMAX)

C NEXT PLOT ALL OBSERVATIONS WITH ERROR ELLIPSES
DO 45 KAulpKSET

130 KC=KCS+KA
TC-TP(1,KC) s PC=TP(2,KC)
CALL PLTDTS(3,1,TCPCP1,0)

C THIS PLOTTED DATA POINT
XP(1)*TP(1,KC) $ XP(2)sXC(ITCPKC)*SCTI

135 YP(1)=TP(2,KC) $ YP(2)=XC(IPCKC)*SCPR
CALL PLTDTS(IOPXPYP,2,03

C THIS PLOTTED CONNECTION TO CORRECTED DATUM
RE(l,1)-ERTlP(1,KC )**2
RE (2, 2)ERTP( 2,KC )**2

140 RE(l,2luOo S RE(2#1)=0.F CALL ERELCM(TCPCPREERFXPYPI
C THIS COMPUTED THE ERROR ELLIPSE

CALL PLTDTS(1,0,XPYP,201,O)
C THIS PLOTTED THE ERROR ELLIPSE

145 45 CONTINUE

XP(1)=XMIN $ XP(2)=TARD(KHI $ XP(3)sXP(2)

YP(1Ju0.O $ YP(21'O.O S YP(31uPIND(KH)
CALL PLTDTS(1,0,XPYP,3,0)

150 C THIS PLOTTED PRESSURE AHEAD OF SHOCK AND INITIAL PRESSURE

C NEXT COMPUTE FITTED CURVE
DO 75 KA-1,ZO01
XP(KA)-TARD(KH).( XMAX-TARD(KHI) *FLOAT(KA-1) 1200.

155 XF(ITCPI)JXP(KA)/SCTI
XF(I PC, 110.

C XF(3, 1)=DIST(KHl /SCDI
CPFIELO PARAMETERS ARE SET FOR SCALED CALCULATIONS,

C THEREFORE INPUT MUST BE SCALEDp TOO
0160 CALL PFIELD(XF,1,PARFFXFPFXXFXPFPP,#NBAD)

IF(NBAD.EQ.O)GOTO 63 $ FoO.
DO 61 KB~1,NP

61 FP(KB3-0.

165 63 YP(KA)*F*SCPR
C YP IS OVERPRESSURE IN PASCALS

EP(KA)uO
00 65 KPA~1,NP $ DO 65 KPBmlvNP

65 EP(KA)&EP(KAI+FP(KPA) *VPAR(KPAPKPBI*FP(KPB)
170 EP(KA)-SORT(ABS(EP(KA) II*SCPR

75 CONTINUE
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CALL PLTDTS11v0pXP9YPv201v0)
C THIS PLOTTED THE FITTED FIELD

175
DO 85 KAl,201

85 YP(KA)-YP(KAI.EP(KAJ*ERF
CALL PLTDTS(I.OXPPYPPZO1,0)
DO 95 KAn1,201

180 95 YP(KAIsYP(KA)-2.*EP(KA)*ERF
CALL PLTDTS(I,0sXPYPp201pO)

C THIS PLOTTED CONFIDENCE LIMITS

185 CALL PLTPGE
185 CPLOTTING COMPLETED* REPEAT FOR NEXT HISTORY

KCSsKCS.KSET

155 CONTINUE
C END OF LOOP 15-155 OVER ALL HISTORIES

190 RETURN

END

L EXCEEDS 131,071 WORDS (LCM-I REQUIRED)
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1SUBROUTINE COLSACA( Xv RqALABELvLSTXp NX#NSETPARNPiFu: ITt r~f
A XC, CLSTN, NRGD, ERZVERPLBADNXDNPD, WNW)

C LEAST SQUARES ROUTINE FOR CORRELATED DATA AND SCALAR CONSTRAIN('-
C

5 C IN THIS ROUTINE COMPUTE ADDRESSES IN THE WORK AREA W(NW) AND THEN
C CALL COLSACB WITH CORRESPONDING ARGUMENTS
C THE DIMENSION NW OF THE WORK AREA W MUST BE LARGER OR EQUAL T3
C NX*(1tNX)*2 + NX*NP*4 + NP*(1+NPI*B +
C + NXD*(1+NXD) + NXO*NPD +NPD*(1+NPD)

10 C + NR*(l+NX+NX*NX) + MAXO(NX*(3+NX),NP*(3+NP))
C FOR DOUBLE PRECISION CALCULATIONS THE REQUIRED WORK AREA IS
C NX*I14NXI*4 + NX*NP*8 + NP*(15+18*NP)+
C + NXD*(1.NXDI + NXD*NPD + NPD*(1+NPD) +
C + NR*(1+NX+2*NX*NX) + MAXO(NX*(3+NX),NP*(3.NP))v2

15 C
C THE MEANINGS OF ALL OTHER ARGUMENTS ARE GIVEN IN COLSACO

DIMENSION W(1)
LEVEL 2,X, RALABELLSTXXCPCWLSTN
EXTERNAL ITRINDBMTRINVB

20 DATA(1=2)
C 1-1 FOR SINGLE PRECISION COMPUTING
C 1*2 FOR DOUBLE PRECISION COMPUTING

KFP-NXD.1 S KFXX=KFP+NPO S KFXPaKFXX+NXD*NXD
KFPP-KFXP+NXD*NPDS KRINV=KFPP.NPD*NPD

*25 C ASSUME THAT CONSTRAINT SUBROUTINE IS CODED FOR
C MAXIMUM X-DIMENSION NXD AND PAR-DIMENSION NPD
C THE FOLLOWING ARRAYS ARE USED ONLY WITHIN COLSACBP AND
C THEREFORE ONLY ACTUAL DIMENSIONS NX AND NP ARE NEEDED

KRL-KRINV+NX*NX*NSET*I S KA-KRL+NX*I S KGG=KA+NX*NX*I
30 KB*KGG+NX*NX*I S KD=KB+NP*NX*l

KE-KD1+NP4NP*1 S KBGSKE+NX*NP*I $ KH=KBG*NP*NX*I
KFF=KH+NP*NX*I S KAM&XFF+NP*I S KAN=KAM+NP*NP*I
KRSaKAN+NP*NP*I S KTAUnKRS+NP*I
KEPS-KTAU+NP*I $ KCOR=KEPS+NX*I S KGGFACTwKCOR+NP*NP*I

35 KDUM-KGGFACT+NSET $ KANNaKDUMNP*I $ KTTAUsKANNNP*NP*I
KPLASTeKTTAUNP*I $ KCLASTaKPLAST+NP
KANGAUS-KCLAST+NX*NSET S KRSGAUSuKANGAUSNP*NP*l
KANIN=KRSGAUSNP*I
KANLAST*KANIN+NP*NP*I $ KRSLASTOKANLAST.NP*NP*I

40 KVD-KRSLAST+NP*I S KWMAT-KVD4NP*NP*l
KENDaKWMAT.MAXO(NX*(3,NX),NP*13+NPI )*I-I
IF(KEND.LE.NW)GOTO 25
LB ADuN W
PRINT 15,LBADKENDNW

45 RETURN
*15 FORMAT(1HO,1OX,93OHRETURN FROM COLSACA WITH LBAD,1o6v

A34H BECAUSE STORAGE REQUIREMENT KEND-PI6,
824H EXCEEDS U-DIMENSION NW=P16)

C
50 25 PRINT 27,KEND

27 FORMAT(1Hl,1OX,34HENTERING THE LEAST SQUARES ROUTINE,
A 8H COLSACA,/,1H PIOX,25HTHE PRESENT RUN REQUIRES

* B32HA WORK ARRAY WITH THE DIMENSION ,15,IH.,fl
IF(I.EQ.2) GOTO 35

55 C
CALL COLSACB(XRALABELLSTXNXNSETPARNPFU, ITYPEP

A XC,CPLSTNPNRGDERZVERPLBADNXONPD,
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B W(I I PW(KFPhbI (KFXX)PW(KFXP ),W(KFPP )#W(KRINVI,
C W(KRL),W( KA),W(KGG It W(KB),vW(KO)IW(KE ItW(KBG),

60 D W(KH I W(KFF)W( KAM) q W (KAN) ,W(KRS ),W(KTAU I
j E W(EPS IW(KCOR),W(KGGFACTIW(KDUM),W(KANN),W(KTTAU),W(KPLAST),

F W(CLASrIW(KANGAUS3 ,W(KRSGAUSJW(KANINli,
G W(KANLAST) ,W(KRSLAST ),W(KVD), W(KWMAT),MTRINVB)
RETURN

65 35 CONTINUE
CALL COLSACI( XRALABELPLSTXNXNSET~PARNPFUITYPE,

A XCP CPLSTNPNRGDPERZvVPERPPL BAD.#NXDNPD,
B W(I) W(KFP),W(KFXX),W(KFXP),W(KFPP),,d(KRINV),
C W(KRL),W(KA),W(KGG), W(KB),W(KD),W(KE ),W(KBG),

70 0 W(K14),W(KFF),W(KAMJ, W(KAN),W(KRS),W(KTAUJ,
E W(KEPS), W(KCOR),W(KGGFACT),W(KDUM),W(KANNJW(KTTAU)vW(KPLASTI,
F U(KCLAST),W(KANGAUSI ,W(KRSGAUS),W(KANIN3,
G W(KANL ASTIPW(KRSLAST I W(KV01IW(KWMAT),NTR INDS I
RETURN

d75 END
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*1 SUBROUTINE COLSACB(XPRALABELPLSTXNXNRPARNPFUICP
A XCCLSTNNRGDERZVvERPLBADNXDPNPD,
B FXPFPPFXXFXPFPPP
C RINVRLAGGBDEBaGHFF,*AMANRSTAU,45 D E PSv COR, GGFACT, DUMPANN, TTAU,9PLAST CL AS TvANGAUS,9RSGAUS,9
F ANINPANLASTPRSLASTPVDPWMATMTRINDB)

C LEAST SQUARES ROUTINE FOR CORRELATED DATA AND SCALAR CONSTRAINTS
DOUBLE PRECISION RLGAK. ADGGGGRINVDB, DDEEDBGHFF,

A RSGAUSPRSANANGAUS,*HRH,-AMWPTTAUTAUPANLASTPRSLASTWPLAST,
10 8 ANN,-ANINPDUMVDWCCORPWPDETPWLASTPBGE

C
C X(NXDPNR) a HR SETS WITH NX.LE.NXD OBSERVA41ONS EACH
C R(NXDNXDNRI a VARIANCE-COVARIANCE MATRICES OF OBSERVATIONS X
C ALABEL(2vNR) xALPHANUMERIC LABELS OF OBSERVATION SETS

15 L LSTX(NR) a ONLY SETS WITH ZERO LSTX WILL BE USED
C NX a NUMBER OF OBSERVATIONS IN EACH SET. (NX.LE.NXD)
C NR a NUMBER OF X-SETSP INCLUDING SETS WITH LSTX.NE*0
C PAR(NPD) - PARAMETERS. WILL BE REPLACED BY L.SQ. SOLUTION
C NP a NUMBER OF PARAMETERS. (O.LE.NP.LE.NPD)

20 C FU a NAME OF CONSTRAINT SUBROUTINE
C IC ITERATION TYPE IN BINARY CODE
C a 0 - NORMAL. SET C=O AT START, BEGIN WITH PARAMETER
C ITERATION, USE NEWTON-RAPHSON FORMULAS.
C a 1 - DO NOT SET C=D AT START

25 C a 2 - START ITERATION WITH RESIDUAL UPDATING
C a 4 - START ITERATION USING GAUSS-NEWTON FORMULAS
C XC(NXDPNR) a CORRECTED (ADJUSTED$ OBSERVATIONS - X+C
C C(NXDPNR) a RESIDUALS (CORRECTIONS OF X)
C LSTN(NRI a LSTN.NE.O IF THE SET WAS NOT USED FOR ADJUSTMENT

30 C IINPDPNPD) a VARIANCE-COVARIANCE MATRIX OF THE PARAMETERS
C ERP(NPD) - STANDARD ERRORS OF THE PARAMETERS
C NXD a FIRST DIMENSION OF Xv XC AND Cp AND FIRST TWO
C DIMENSIONS OF R DECLARED BY DIMENSION STATEMENT
C NPD a DIMENSIONS OF PAR, V AND ERP AS DECLARED BY

*35 C DIMENSION STATEMENTS
C LBAD a LBAD.NE.0 IF ADJUSTMENT ChNNOT BE DONE PROPERLY
C
C THE REMAINING ARGUMENTS FX THROUGH WMAT ARE STORAGE ALLOCATIONS
C SPECIFIED BY THE SUBROUTINE COLSACA. A FORMULA FOR THE

40 C REQUIRED STORAGE AREA FOR THESE ALLOCATIONS IS GIVEN IN COLSACA4
C
C MTRINDB aNAME OF SUBROUTINE FOR MATRIX INVERSION,
C ALSO SPECIFIED BY THE SUBROUTINE COLSACA
C

45 DIMENSION X(NXD,1),R(NXDNXD,1),A hBEL(2,1)vLSTXI11),
APARI NPD),XC(NXD,1RC(NXDI),V(NPDNPD)PERP(NPD),LSTNI1I,

*B FX(NXD3,FP(NPDIFXX(NXDNXDhjFXP(NXDNPD) ,FPP(NPDNPD),
C R IN V ( N XpN X 1 ) RL (N XI ,A ( N X N X IGG fN XvN X ),vB (N PpN X 10( NPN P I
0 E(NXPNP) 9BG(NPPNX PH (NP#NX ) FF(NP) PAM( NPNP IrAN(NPNP ) RS(NP),v

50 E TAU( NP),EPS(NX) PCOR( NPNP ) 9GGFACT( 1) DUM(NXI 9 ANN(NPNPIv
F TTAU(NP)PPLAST(NP)PCLAST(NX,1),ANGAUS(NP,*NP) ,RSGAUS(NP),
G A NIN ( N PN P IvAN LA ST (N P,9N P ),R SL A ST IN P) ,V0( N PN P

LEVEL 2,FXFPPFXXFXPFPPRINVRLAGGBDE, BGHFFPAMANRSTAU,
I EPS vCORGGFACT, DUMP ANN, TTAUv PLASTCLAST, ANGAUS vRSGAUS, ANIN, ANLAS T

55 2,RSLASTPVOWMAT
LEVEL 2PXPRALABELLSTXPXCCLSTN
NXMX=NXDS NPMX=NPD
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C MAXIMUM DIMENSIONS AS DECLARED BY THE CALLING PROGRAM
DATA(SUBNAM,9H COLSACB )

60 C NAME OF THE SUBROUTINE FOR ERROR MESSAGES AND OUTPUT
DATA( ITMAXx251) (ERMAX-2.)

C ITMAX IS THE MAXIMUM NUMBER OF ITERATIONS
C ERMAX IS FACTOR IN LOOP 1056 TO CHECK FOR LARGE RESIDUALS

PRINT 11PSUBNAM
65 11 FORMAT(1HO,1OX,37HENTERING THE LEAST SQUARES SUBROUTINE#

A A9p42HFOR CORRELATED DATA AND SCALAR CONSTRAINTSI
A IH P1OX,19HROUTINE USES DOUBLE,
B43H PRECISION ARITHMETIC FOR MOST CALCULATIONS9,11
IF(NX.GEo.lANDoNX.LE.NXMX) GOTO 45

70 LBADwl $ PRINT 15PSUBNAM
15 FORMAT(15HO RETURN FROMA9,30H15 BECAUSE NX IS OUTSIDE RANGE)
25 FORMAT(3X,3HNXuI83OH IS THE NUMBER OF OBSERVATIONS

1 9H IN A SETpI3Xp3HNRuI8t22H IS THE NUMBER OF SETSIP
2 3Xv3HNPvI828H IS THE NUMBER OF PARAMETERS)

75 30 PRINT 259NXPNRNP
PRINT 35,9LBAD
RETURN

35 FORMAT(3X,5HLBAO=, b)
45 IF(NR.GE.1)GOTO 65

80 LBAD=2 S PRINT 55,SUBNAM S GOTO 30
55 FORMAT(15HO RETURN FROMPA9,30H45 BECAUSE NR IS OUTSIDE RANGE)

65 IF(NP.GEo.0AND.NP.LE.NPMXoANDoNP.LE.NR) GOTO 85
LBADu3 S PRINT "5'SUBNAN S GOTO 30

75 FORNAT(15HO RETURN FROMA9,30H65 BECAUSE NP IS OUTSIDE RANGE)
85 85 LBAD-O S NRGDuO

IF(IC .LT.O.OR.IC.GT.7)IC-O
C IC IS MEANINGFULL ONLY BETWEEN ZERO AND 7

GAUS"O. $ IF(IC.GE.4lGAUS"l. S MODI-O
C GAUSul. INDICATES THAT GAUSSIAN ITERATION WILL BE USED

90 C
00 135 KAalNR
L STNI KA) NE
IF(LSTX(KA)*NE.01GOTO 135
DO 95 KB.1,NX S 00 95 KC"IPNX

95 95 A(KBPKC)"R(KBPKCPKA)
C.7

CALL MTRI NDB( ApNX, DUMpNXp0, DETP WMAT)
C INVERT MATRIX
C

100 IF(DET.GT*O*IGOTO 105
C ONLY DATA WITH POSITIVE DEFINITE R WILL BE ACCEPTED

PRINT IOOKAALABEL(lKAIDALABEL(2,KA)
GOTO 135

100 FORMAT43X,47HVARIANCE MATRIX R NOT POSITIVE DEFINITE FOR SET,
105 A 15#21H WITH LABELS ALABEL- ,2A1O)

105 DO 115 KB-1,NX S DO 115 KC-I1NX
115 RINV(KBKCPKA)uA(KBKC)

C RINV IS THE INVERSE TO R AND IS NEEDED TO COMPUTE W
LSTN(KA)sO S NRGDuNRG0+E

110 DO 125 KB1INX
IF((ICIZ)*2EQ*IC) C(KBKA)"0.

125 XC(KBPKA)-X(KBPKA).C(KBPKA)
135 CONTINUE

C 168
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115 IF(NRGD.LE.O) GOTO 145
!F(NP-NRGD) 185,165,9145

145 LBAD,145
PRINT 150,SUBNAM S PRINT 155PNRGD S GOTO 30

150 FORMAT(15HO RETURN FROMA9P22H145 BECAUSE NP.GTNRGD)
120 155 FORMAT(3X,5HNRGDO,Ip27H IS THE NUMBER OF GOOD SETS)

165 PRINT 175,SUBNAM $ PRINT 155PNRGD S PRINT 259NXPNR,NP
175 FORIAT(14HO WARNING ATA9,19H175 BECAUSE NP-NRGD)
185 ITERNR-O S IWTEST-O

C COUNTER OF ITERATIONS AND CONVERGENCE INDICATOR FOR W
125 KPCT=0 S IPTEST-O

C COUNTER OF PARAMETER SUBITERATIONS AND CONVERGENCE INDICATOR
KCCT-O $ ICTEST=O

C COUNTER OF RESIDUAL SUBITERATIONS AND CONVERGENCE INDICATOR
ERZo1. S Ws FLOAT(NRGD-NP) $ WP=W

130 PRINT 190,SUBNAMIC
190 FORMAT(IH , lXP, 2OHITERATION RESULTS BY, A, IOXP16H(ITERATION TYPE

A3HICuPI3,p .H),// I oH ,PZX, 9HITERATIONP8X,1HW, 35X ,1OHPARAMETERSPIII
C
C ITERATION STARTS AT 195

135 195 WLAST-W S WPLAST-WP S KPCT-O
IF(NP.GT.0)GOTO 196
PRINT 198,ITERNRW$ GOTO 569

196 DO 197 KAutNP
197 PLAST(KA)-PAR(KA)

140 KP=MINO(NPP5) S PRINT 198PITERNRPWP(PAR(J),J*1,KP)
IF (KP.EQ.NP)GOTO 200
KPPuKP*1 $ PRINT 1999(PAR(JIJ-KPPNP)

198 FORMAT(4X,15,1PE19.12,5X,5(2X,1PElb.9))
199 FORMAT(33X,5(2XiPE16.9))

145 200 IF(ITERNR.GT.O) GOTO 204
IF(IC-4.GE.2) GOTO 575 $ IF(IC.EQ.2.OR.IC.EQ.3) GOTO 575

C START WITH RESIDUAL ITERATION AT 575 IF IC=Z
204 MARQ.

C MARO INDICATES NUMBER OF MARQUARDT CORRECTIONS. SEE 435.
150 205 NRGDP-0 S WP-O

208 DO 217 KAulPNP$ RS(KA)-O.S RSGAUS(KAI-0.
DO 217 KB-lNP
AM(KAKB)uOS AN(KAPKB)aO.$ ANGAUS(KAKB)uO.

217 CONTINUE
155 C

225 DO 405 KAa1PNR
C THIS LOOP ESTABLISHES EQUATIONS FOR PARAMETER CORRECTIONS

IF(LSTN(KA).EQ.1)GOTO 405
C

160 CALL FU (XCvKA,P AR,FPF XvFP P FXX9 FXP, FPPj,NBAD)
C THIS IS THE CONSTRAINT SUBROUTINE. ITS ARGUMENTS ARE
C XC(NXDNR) * OBSERVATIONS
C KA a NUMBER OF SET WHICH WILL BE USED FOR CALCULATIONS
C PAR(NPD) a PARAMETER VECTOR

165 C
C THE FOLLOWING WILL BE CALCULATED BY FU
C F a CONSTRAINT FUNCTIONAL
C FX(NXOJ AND FP(NXPI - FIRST ORDER DERIVATIVES OF F
C FXX(NXDvNXDI, FXP(NXDNPD), FPP(NPDNPD) = SECOND ORDER DERIVATIVES

170 C NBAD m NBAD.NE.0 IF F CANNOT BE COMPUTED FOR GIVEN XC AND PAR
C

169
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235 IF(4BAD.EQ.0)GOTOD 245
LSTH(KA)8235000+IABS(NBAD) S GOTO 405

245 DO 255 KBmlpNX
175 RL(KB)uO S 0O 255 KCu1,NX

255 RL(KBI=RL (KB)GR(KBKC ,KA)*FX(KC)
Gw0 S DO 265 KB*1,NX

265 GaG4FX(KB)*RL(KB)
275 IF(G.GTol.E-100)GOTO 285

180 LSTN(KA)=275
PRINT 277,KPCT S PRINT 2?OKAALABEL( 1,KA),tALABEL(2,KA)
GOTO 405

277 FORMAT(3X,29HWEIGHT G NOT POSITIVE AT 2?5.,99H KPCTsP14)
278 FORMAT(5X.3HKAu,15,3X,?HALABEL-,2A101

185 285 G1l.IG
A Ks-F
DO 305 K81,vNX S DO 295 KC1,pNX
A(KBKCIuFX(KB)*RL(KC )*G
IF(KB.EQ.KC )A(KBKC)-A(KBKC)-1.

190 295 CONTINUE
305 AKeAKFX(KBI*C(KBKAO

AK*AK*G
GGFACTIKA) -1.

311 DO 325 KB-1,NX S DO 325 KC1,vNX
195 DGG-O

DO 315 KD=1,NX $ DO 315 KE*1,NX
315 DGGDGG.GGFACT(KA*AK*RK89,KDKA)*A(KDKEI*FXX(KEKC)

IF(KB.EO.KC )DGG*DGG+l.
325 GG(KBKC)ODGG

* 200 CALL MTRIND8(GGPNXDUMNX,0OET'dMATI
IF(DET.GT.1.E-100)GOTO 335
GGFACT(KA)*GGFACT(KAI*O.5 S IF(GGFACT(KA) .LT.I.E-31GGFACT(KAIu0.

C FXX IN FORMULA FOR GG IS REDUCED FOR NUMERICAL STABILITY
GOTO 311

* 205 335 DO 345 KBu1,NX
08-0 S 00 337 KC*1,NX

337 OB-D8,RL(KCI*FXX(KCKBI
DO 345 KC1,pNP

210 B(KCKB)-AK*(FXP(KBKC )-G*FP(KC)*OBI
210 DE=O S 00 339 KD-1#NX S DO 339 KE=1,NX

339 DEaDER(KBKDPKA)*A(KDKEI*FXP(KEPKC)
E (K8,KC )sG*RL(KB)*FP(KC),AK*DE ;-

*345 CONTINUE'
0O 355 KBXvNP

* 215 08.0 S DO 347 KD*1,NX
347 D5.DB*RL(KDI*FXP(KOPKB)

DO 355 KC1,vNP
355 D(KC, KB)-G*FP(KB)*FP( KC)-AK*(FPP(KBKCI-G*FP(KC )*0B3

DO 365 KBu1,NP S DO 365 KC.1,NX
220 BG(KBKC)uO S DO 357 KDu1,NX

357 BG(KBPKC)oBG(KBKCIG8(KBKD)*GG(KDKCI
365 CONTINUE

DO 385 KB*1,NP
DO 375 KC-1#NX

225 OEwO S DO 367 KDu1,NX
367 DE*DE.BG(KBKD)*A(KCKDI
375 H(KBPKC)-G*FP(KB)*FX(KCI+DE

DEmO.S 00 377 KDulNX
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377 DE-DE BG(KBPKD)*iAK*RL(KD)-C(KDPKAI

230 384 FF(KB3-AK*FP(KB)+DE
385 CONTINUE

C THIS COMPLETES CALCULATIONS FOR SET KA. NOW ADD UP MATRICES
DO 395 KB=1,NP
RSGAUS(KB-RSGAUSf(KBJ .AK*FP(KB)

235 RS (KB )}RS ( KB)+FF (KB)
C THESE ARE RIGHT HAND SIDES FOR TAU EQS.

DO 395 KC'1,NP
BGE=O.S DO 389 KDlINX.

389 BGEzBGE+BG(KBPKD)*E(KDOKC)
240 390 AN(KBPKC),AN(KBKC) D(KBPKC)BGE

C THIS IS MATRIX OF EQS. FOR TAU
ANGAUS(KBKC IANGAUS(KBKCj +G*FP(KB)*FP(KC)
HRH=O S DO 391 KDmlpNX S DO 391 KEsu1NX

391 HRHaHRH+H(KBKOI*R(KDKEPKA)*H(KCPKEI
245 AM(KBKC)IAM(KBKC ) HRH

C THIS IS THE INFLUENCE MATRIX OF SET KA
395 CONTINUE

WP-WP AK**21G

NRGDP-NRGDP.1
250 C COUNT GOOD SETS IN COMPUTATION LOOP FOR PARAMETERS

405 CONTINUE
C END OF LOOP 225-405 OVER ALL SETS OF OBSERVATIONS

415 IF(NP.LE.NRGDP.AND.NRGDP.GT.Ol GOTO 425
255 LBAD-415 S PRINT 417SUBNAM

PRINT 419,NRGDP $ PRINT 25PNXNRNP S PRINT 35PLBAD S GOTO 1057
417 FORMAT(15HO RETURN FROMA923H415 BECAUSE NP.GToNRGDPI
419 FORMAT(3X,6HNRGDP-,15p26H IS THE NUMBER OF SETS FOR,

A52H WHICH CALCULATIONS CAN BE PERFORMED IN LOOP 225-405.
260 425 IF(KPCT.EQ.O)GOTO 485

C AFTER FIRST PARAMETER ITERATION CHECK IF WP DECREASES
IF(WP*LT.WPLAST*1.10)GOTO 475
IF(MARQ.GT.10) GOTO 475

C APPLY MARQUARDT IF WP HAS INCREASED TOO MUCH
265 435 MARQMARQ.1 S ALAMIO.**(MARQ-4.

DO 445 KAulNP $ TTAU(KA)nRSLAST(KA)
DO 445 KB1,NP S AN(KAPKB)"ANLAST(KAKBI
IF(KA.EQ.KB)AN(KA•KB)-AN(KAPKB*(ALAM1.)

70C445 CONTINUE.:.:Z70 C : "

CALL MTRINDB(ANPNPTTAUPNPI, OETWMAT)
C INVERT MATRIX AND SOLVE LINEAR EQUATIONS
C

IF(DET.NE.O)GOTO 455
275 GOTO 435

455 00 465 KA*1,NP
PAR( KA)-PAR(KA)-TAU(KA)+TTAU(KA)

465 TAU(KA)-TTAU(KA)
GOTO 205

280 C NOW REPEAT AT 205 LAST ITERATION WITH DIFFERENT PAR
C

475 IF(MARQ.EQoO)GOTO 485
PRINT 47?,MARQPKPCTWP

477 FORMAT(2XP29HMARQUARDT CORRECTION APPLIED 914p
285 A15H TIMES AT KPCT,4pSEX,3HWPO,1PE19.12)
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485 WPLAST=WPS INDTAU=O
IF(GAUS.rIE.0.)GOTO 491

487 0O 489 KAm1,NPS TAU(KA)-RS(KA)S RSLAST(KAI-RS(KAI
DO 489 KBulvNP S AN LAST (KA K B I AN (KA KB I

290 489 ANN(KAPKB)*AN(KAPKB)
GOTO 495

491 00 493 KA-lvNPS TAU(KA)-RSGAUS(KA)S RSLAST(KAI.RSGAUS(KA)
DO 493 KB21,NP S ANLAST(KAPKBIuANGAUSIKAKBI

493 ANN( KA, KB) mANGAUS (KAP KB)
295 495 CALL MTRINDB(ANNNPTAIJNP,1,DETWMAT)

IF(DET.NE.Oo)GOTO 511
IF(INOTAU*EQ.0)GOTO 509
LBAD-495 S PRINT 497PSUBNAMoLBAD

497 FORMAT(15H0 RETURN FRaMA9#14H495 WITH LBADmpl4v
300 A52H BECAUSE MATRIX ANN OF EQUATIONS FOR TAU IS SINGULAR)

PRINT 498
498 FORMAT(31H0 THE SINGULAR GAUSS MATRIX ISII

II DO 499 KAu1,NP
PRINT 500,(ANGAUS(KAJ),Ju1,NP)

305 499 CONTINUE
V 500 FORMAT(1IN Pl0(1XvIPE12*511

PRINT 501
501 FORMAT132HO THE SINGULAR NEWTON MATRIX ISP1)

0O 502 KAu1,NP
310 PRINT 50,v(AN(KApJ3,J-1,NP)

502 CONTINUE
R ETURN

509 INOTAU-IS IF(GAUS.NE.0.)GOTO 487
GOTO 491

315 511 INDVARs0
IF(INDTAU.EQ.0.AND.GAUS.EQ.OdIGOTO 515
IF(INOTAU.NE.0.ANO.GAUS.NE.0.)GOTO 515

C BRANCH TO 515 IF ANN CONTAINS THE INVERSE OF NEWTON MATRIX AN
IF(GAUS*EQ.0*.ANO.INDTAUeNE.01 GOTO 514

320 C BRANCH TO 514 IF NEWTON MATRIX AN WAS SINGULAR
DO 512 KAa1,NP S DO 512 KB1,PNP

512 AMIN (KAKB) uAN(K AK8)
CALL MTRINDB(ANINNPDUMNP,0,DETWMAT)
IF(DET*EQ.Oel GOTO 514

325 DO 513 KAu1,NP S DO 513 KBu1,NP
513 ANNIKAKB)xANIN(KAKB)

GOTO 515
514 INOVARmi
C INDVAR-1 INDICATES THAT GAUSS MATRIX USED FOR VARIANCES

330 515 DO 525 KAz1,NP
PAR(KAI*PAR(KAI+TAU(KA)
DO 525 KBu1,NP
VO(KAKBIuOS DO 517 KCu1,NP S DO 517 KD1,pNP

517 VO(KAKBDUVD(KAKB)*ANN(KA,KC)*AM(KCKD)*ANN(KBKDI
335 525 CONTINUE

KPCT*KPCT*1
IF(MARO.NE*0)GOTO 555

C APPLY CONVERGENCE TESTS ONLY IF MARGUART WAS NOT USED
C

340 DEmO. S DO 535 KA=1,NP S 00 535 KB-1,NP
535 DE*DE+TAU(KA)*AN(KAPKB3*TAU(KBI

FTESTU1O.**(-MINO(10, ITERNR.2) )*(1.,99e*GAUSI
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SDEzDE S !F(ABS(SDE).GT.WP*FTEST) GOTO 555
FTESTuAMAXI(ERZO0O13*1.***(-MINO(8,ITERNR+2))*(1.*99.*GAUS)

345 IPITERmD
00 545 KA=1,NP
STAU-TAU(KA) S SVDVYD(KAKA)
IF(ABS(STAU3.LT.SQRT( SVD)*FTEST) IPITER*IPITER*1

545 CONTINUE
350 IF(IPITER*EQoNP)GOTO 565

565 PRINT 567,KPCT
567 FORMAT(lH ,1OX,5HKPCTu,14,24H a PARAMETER ITERATIONS)

PTES TaAMAX1(ERZ, 0.01) *1.E-8*(l.*99.*GAUSI
355 DO 568 KA=1,NP

SVD=VD( KAPKA)
IF(ABS(PARIKA)-PLAST(KA)).GT.SQRT(SVD)*PTEST) IPTEST-O

565 CONTINUE
569 IPTESTaIPTEST.1

Gj360 C IPTEST COUNTS CONSECUTIVE PASSES OF TESTS FOR PAR
C ENTER 569 FROM 195 IN PROBLEMS WITHOUT PARAMETERS
C

570 IF(IPTEST.GT.2oAND.IWTEST.GT.2.AND.ICTEST.GT.ZIGOTO 785
C THIS IS TEST AND BRANCH FOR REGULAR RETURN

365 575 IF(ITERNR.GToITHAX*MODI)GOTO 775
KCCT=O $ XEPTE-1

C COUNTER OF RESIDUAL ITERATIONS AND RESIDUAL CONVERGENCE INDICATOR
DO 577 KAs19NR S 00 577 KBu1,NX

577 CLAST(KB, KA)sC(KB,KA)
*370 EPTESTuAMAXI(ERZ,0.01)*10.**(-MINO(8,ITERNR.2)3*(l..99.*GAUS)

C
C RESIDUAL ITERATION STARTS AT 578

578 W=O S NRGDC=0
DO 745 KA=1,NR

375 IF(LSTN(KA)eEQ*1)GOTO 745
LSTN( KAI-0
CALL FU(XCKAPARFeFXFPFXXPFXPPFPPNBADI

585 IF(NBA~oEQeO)GOTO 595
LSTN(KA)-585000'IABS(NBAD) S GOTO 745

380 595 DO 605 KB=1,NX
RL(KB)m0 S DO 605 KC-1,NX

605 RL(KB )sRL(KB).R(KBKC ,KA)*FX(KC)
G=O S DO 615 KB-1,NX

615 G=G*FX(KBI*RL(KB)
385 625 IF(G.GTe1.E-100)GOTO 635

LSTN(KA)-625
PRINT 627,KCCT S PRINT 278,KAALABEL(1,KA),ALABEL(2,KA)
GOTO 745

62? FORMAT13X,29HWEIGHT G NOT POSITIVE AT 625o,9H KPCT=#14)
390 635 Gal./G

A K-F
DO 655 KB*1,NX S DO 645 KCulvNX
A(KBKC )-FX(KB)*RL(KC )*G
IF(KB.EQ.KC)A(KBKC)-A(KBPKC )-1.

395 645 CONTINUE
655 AK*AK+FX(KBI*C(KBKA)

AK=AK*G
G GFACT (KA) -1.

665 DO 685 KB-1,NX S DO 685 KC=1,NX
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*400 DGG=O. S IF(GAUS.NE.0.) GOTO 681
DO 675 KDu1,NX $ 00 675 KEU1,NX

675 DGG-DGG.GGFACT(KA) *AK*R(KBKDKA)*A(KOKE)*FXX(KEKC I
ri 681 IF(KB.EQ.KC)DGGeDGG+1.

685 GG(KBKC)-DGG
405 CALL MTRINDB(GG, NX,DUMPNXP 0,DE ToWMAT)

IF(DET.GT.I.E-100)GOTO 695
GGFACT(KAI.GGFACT(KA)*0*5 S IF (GGFACT(KA) .LT.1.E-3)GGFACT(KA)u0.

C REDUCE INFLUENCE OF FXX IN GG TO IMPROVE STABILITY
GOTO 665

410 695 DO 715 KBm1,NX
E PS (K B ) .
DO 715 KC=1,NX

715 EPS(KBIUEPS(KB)4GG(KBKCI*(AK*RL(KC)-C(KCPKAII
DO 725 KB1,vNX

415 lF( ABS(EPS(KB))I.GT.EPTEST* SORT(R(KBPKBKA)))IIEPTE=O
C(KBKAI-C(KBKA)4EPS (KB)

725 XC(KBKA)-X(KBKAI'C(KBPKA)
WC=O S 00 735 KB-lPNX S DO 735 KCalNX

735 WC.C(KBKAI*RINV(KBKCKAI*C(KCKA)+WC
420 W=W+WC

N RGD C-*NRGDC. 1
745 CONTINUE

C END OF LOOP 575-745 FOR UPDATING OF RESIDUALS
C

425 IF(NP*GT.NRGDCoOReNRGDC*LE*0) GOTO 765
KCCT-KCCT+l
IF(KCCToGT.11)GOTO 746
IEPTE*IEPTE.1 S IF(IEPTE.LE.1)GOTO 578

746 PRINT 747PKCCT
430 747 FORMAT(1H ,1OXSHKCCTspl4v23H a RESIDUAL ITERATIONS)

SWwW S WTESTaAtAX(SWFLOAT(NRG-4P*0.1)*1OE-10*(1.+99*GAUSI
C THIS TAKES CARE OF EXACT DATA FOR WHICH WOO*

SWWLwW-WLAST S IF( ABS(SWWLI.GT.WTEST) IWTEST=O
EPF aAMAX1ERZ,.01*1.E-8*(1.99.GAUS)

435 DO 755 KA*1,NR S IF(LSTN(KA).NE.0)GOTO 755
0O 754 KBm1,NX
IF( ABS(C(KSKA)-CLAST(KBKA)) .GT.EPF* SORT(R(KBPKBKAI ))ICTESTsO

754 CONTINUE
755 CONTINUE

440 IWTESTwIWTEST*1 S ICTEST-ICTEST.1
ITERNRuITERNR.1
ERZSQu1.
IF(NP.GT.NRGDC)ERZSQ=W/ FLOAT(NRGDC-NP)
ER-S OR T(ER ZSQ)

445 GOTO 195
C BRANCH TO 195 FOR NEXT ITERATION
C

765 L8AD7?45 S PRINT 767,PSU8NAM S PRINT 747,KCCT S PRINT 768PNRGOC
PRINT 25,NXNRNP S PRINT 35PLBAD S GOTO 1057

450 767 FORMAT(15HO RETURN FROMA9,23H745 BECAUSE NP.GT*NRGDC)
768 FORMAT(3Xp6HNRGDCI5,26H IS THE NUMBER OF SETS FOR,

A52H WHICH CALCULATIONS CAN BE PERFORMED IN LOOP 575-745)
S 775 LBADuITMAX

C ENTER 775 FROM 575 IF TOO MANY ITERATIONS
455 776 PRINT 777,SUNAM

777 FORMAT(lH1,1OX,34HRESULTS OF ADJUSTMENT BY THE LEAST,
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A19H SQUARES SUBROUTINEPA9,/fl

PRINT 779•ITMAXLBAD
779 FORMAT(43HO WARNING. THIS IS NOT A REGULAR RETURNP/4H

460 A39(IH-)9/s49H COMPUTATION INTERRUPTED BECAUSE THE NUMBER OF,
827H ITERATIONS EXCEEDED ITMAXPI5 9H LBAD=,I5, IHoI,
C45H TO CONTINUE ITERATION RESTART WITH ODD ICP//)
GOTO 795

C ENTER 785 FROM 570 FOR A REGULAR RETURN
465 785 IF(GAUS.EQ.O.)GOTO 788

PRINT 786 $ MODI=3
IPTEST=O $ IWTEST=O $ ICTEST-0 S GAUSO. S GOTO 195

786 FORMAT(lIHOp5X,35HSWITCH ITERATIONS TO NEWTON-RAPHSONl)

C BRANCH TO 195 FOR ADDITIONAL NEWTON ITERATIONS AFTER GAUSS ITERATIONS
470 788 PRINT 777PSUBNAM

795 IF(NRGDC.EQ.NRGD)GOTO 815
PRINT 805

805 FORMAT(41HO WARNING. SOME OBSERVATION SETS COULD,
A30H NOT BE USED FOR COMPUTATIONS.,//)

475 815 IF(NP.LT.NRGDCIGOTO 835
PRINT 825

825 FORMAT(41HO WARNING. THE NUMBER OF PARAMETERS IS*
A47H EQUAL TO THE NUMBER OF USABLE OBSERVATON SETS.,Pil

835 PRINT 845,NPPNRGOPNRGDPNXITERNR
480 845 FORMAT(lOXP2OHNUMBER OF PARAMETERSPOXI5,5,

AIOX,26HNUMBER OF OBSERVATION SETSv4X15,/t

IOX, 19HNUMBER OF SETS USEDP1XtI5p/y
C1OX,21HOIMENSION OF EACH SET,9X,15,/"
DlOX,2OHNUMBER OF ITERATIONS910X#I591I)

485 PRINT 855#W
855 FORMAT(lOX,34HWEIGHTED SUM OF CORRECTION SQUARESE8X.

A 7HW StIPE16,9,/I)

IF(NP.LTNRGDC)GOTO 885
ERZ=O. S VARZmO.

490 PRINT 875
875 FORMAr(10X#4OHVARIANCE OF WEIGHT ONE AND CORRESPONDINGI,

AlOX,41HSTANDARD ERROR NOT COMPUTABLE BECAUSE THE,
BIOXP47HNUMBER OF PARAMETERS EQUALS THE NUMBER OF SETS.,IIl

GOTO 894
495 885 VARZ'W/ FLOAT(NRGDC-NP)

ERZmO
IF(VARZ.GT°O. IERZm SQRT(VARZ)

894 PRINT 895, VARZERZ
895 FORMAT(1XP22HVARIANCE OF WEIGHT ONEZOX,HERZ**2mPE169,5

500 A1OX,39HSTANOARD ERROR OF A SET WITH WEIGHT ONE,3XjHERZ a,

BlPE16.9,l I)
IF(NP.EQO)GOTO 1028

C
905 PRINT 915

505 915 FORMAT(1H ,13X,1OHPARAMETERS,8X,16HLAST CORRECTIONS,6X, -P

A15HSTANDARD ERRORS,6XP15HSTANDARD ERRORS,,I1H ,77X,
B9HTIMES ERZ,//)

00 910 KAzlvNP
SVO=VD(KAKA) $ ERP(KA) aSQRT(SVD)

510 ERPZ-ERP(KA)*ERZ $ DIFP-PLAST(KAI-PAR(KAO
PRINT 925,PAR(KAIOIFPERP(KAItERPZ

910 CONTINUE
925 FORMAT(H ,SX,4(5XlPE16.9))
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IF(INOVAR.NE.0) PRINT 928
515 928 FORI AT(42H0 WARNING. SECOND ORDER DERIVATIVES WERE,

A43H NOT USED FOR VARIANCE CALCULATIONS BECAUSEI,
B1H ,1ZXv29HTHE NEWTON MATRIX IS SINGULAR)
PRINT 935

935 FORMAT(lH P1I,1H P1OX,24HTHE FACTOR ERZ**2 IS NOT,
520 A34H INCLUDED IN THE VARIANCE MATRIX V)

965 00 975 KAu1,NPS DO 975 KBulNtP
V(KA, KB)*V0(KAPKB) S SV~mV0(KAvKA)*VD(KBKB J

975 COR(KAPKB)sV(KAKB)I SQRT(SVO)
995 PRINT 1005

525 1005 FORMAT(1H PilJ,1XP25HCORRELATION MATRIX OF THE,
A11H PARAMETERSo/)
DO 1015 KA'1,NP
PRINT 1025,(COR(KAJJJIPNP)

1015 CONTINUE
530 1025 FORMAT(lX,10(2XvFl1.8JI

C
1028 KPR-0

00 1045 KAu1,NR
IF(LSTN(KA).NE.0)GOTO 1045

535 IF(GGFACT(KAI.EQ.1.IGOTO) 1045
IF(KPR*EQ.0)PRINT 1035

1035 FORMAT(lH ,VI,3X,33HFOR THE FOLLOWING SETS THE SECOND,
A55H DERIVATIVES FXX HAVE BEEN REDUCED BY THE SHOWN FACTORS,
BIISXIOHSET NUMBERSXt6HFACTORp9XP1O4SET LABELSPI)

540 KPRs1
PRINT 1037,KAGGFACT(KAIALABEL(1,KA),ALABEL(ZKA)

1037 FORMAT(8X,14,v6X,1PE12e5,5X,2A103
1045 CONTINUE

IF(ERZ.EQo0.) GOTO 1057
545 C

SQuERMAX*ERZ S DUMSS-SQ**2
KPR*O S D0 1056 KAu1,pNR
IF(LSTN(KA).NE*0) GOTO 1056
OUMS=O. S DO 1050 KB-19NX S 00 1050 KCs1,NX

550 1050 DUMS-DUMS+C (KBKAI*RINV(KBKC, KA)*C(KCKAI
IF(OUMS.LT.DUMSS) GOTO 1056
IF(KPR*EQ*0)PRINT 1052PERMAX,*SQ S KPRa1

1052 FORMAT(IH ,II,91H ,3X,35HTHE FOLLOWING SETS HAVE CORRECTIONS,
A24H LARGER THAN ERPIAX*ERZ uF4.1,8H * ERZ -pP1.j/i1 ,4Xp

555 B7HSET NR.,1OX,6HLABELSI1X,14HSQRT(C*RINV*C),J)
OUMS uSQRT (OUMSI
PRINT 1054,*KAALABEL(1,KAI,ALABEL(ZKA),OUMS

1054 FORMAT(1H ,5XPI4,p5XPZA10o 5X,1PE12*51
1056 CONTINUE

560 C1057 KPR*O S DO 1065 KAu1,NR
IF(LSTX(KAI.NE.03 GOTO 1065 S IF(LSTN(KAJ.EQ.0) GOTO 1065
IF(KPReEO.0I PRINT 1059 S KPRw1

1059 FORMAT(1H ,II,1H P32HTHE FOLLOWING SETS HAVE NOT BEEN,
565 A25H USED IN THE CALCULATIONSII,1H ,31,7I4SET NR.s1X,

86HLABELS,12X,4HLSTN,Ifl
PRINT 1062p KAPALABEL( lipKAI vALASEL(2,KAI 9LSTN(KA I

1062 FORMAT(1H v5Xv14v5Xp2A1O, 3XPI1
1065 CONTINUE

570 RETURN 176
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SUBROUTINE MTRINDB(A, NXPRSPNAKINDETPW)
DOUBLE PRECISION ARSDETDlPD2,W

C MATRIX INVERSION ROUTINE
C NX a ACTUAL DIMENSION OF A

C NA a DIMENSION OF A(NAPNAI AS DECLARED BY DIMENSION STATEMENT

C W MUST HAVE THE LENGTH NA*(3+NA) OR MORE

C KINA0 - COMPUTE INVERSE. KIN,1 - SOLVE ALSO A*X-RS.

C AT RETURN A IS REPLACED BY ITS INVERSE AND RS IS REPLACED BY THE

C SOLUTION X (THE LATTER IF KINal)

10 C USES SUBROUTINES LUDATD AND LUELMD

DIMENSION A(NAPI)PRS(1),W(NAP 1I

LEVEL 2PARSW
DETsO
IF(NXoLEoOoOR.NXoGT.NA)GOTO 55

15 IF(KIN.LT.O.OR.KIN°GT.1) GOTO 55

DO 15 KA-1NX S DO 15 KBm1PNX

15 W(KAPKB)-A(KAPKB)
CALL LUDATD(WWNXNADlPD2pW( 1 NA+11,U( 19NA 2)PNBAD)

IF(NBAD.NE.O) RETURN

20 DET*D1*2.**D2
DO 35 KA-INX
DO 25 KBt, NX

25 W(KBNA3)0O
W(KANA.3) =1.

25 CALL LUELMO(WW( I.NA43 ) W (1PNA+1) ,NX, NAPA(1PKA))

35 CONTINUE
IF(KIN*EQ. I°CALL LUELD(WRSW(1,NA+)gNXNAPRS)
RETURN

55 PRINT 65,NXPNAKIN
30 RETURN

65 FORMAT(1H PIOX,26HERROR CALLING MTRINDB. NX,14,

ATHP NAwP14,7H, K14-914)
END

-1
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SUBROUTINE LUDATO (AULN, IAi, Dl, D29,IPVTEQUIL, IER)
DOUBLE PRECISION APULPDLD29EQUILPQSUMBIGPRN

C Lt
C FUNCTION - L-U DECOMPOSITION BY THE CROUT ALGORITHM LI

5 C USAGE - CALL LUDATD(APULNPIAPDIPD2,lPVTEQUILIER)
C PARAMETERS A - INPUT MATRIX OF DIMENSION N BY N CONTAINING LI
C THE MATRIX TO BE DECOMPOSED LI
C UL - REAL OUTPUT MATRIX OF DIMENSION N BY N LI
C CONTAINING THE L-U DECOMPOSITION OF A LI

10 C ROWWISE PERMUTATION OF THE INPUT MATRIX. LI
C N - INPUT SCALAR CONTAINING THE ORDER OF THE Li
C MATRIX A. L
C IA - INPUT SCALAR CONTAINING THE ROW DIMENSION OF L,
C MATRICES A AND LU IN THE CALLING PROGRAM. Ll

15 C Dl - OUTPUT SCALAR CONTAINING ONE OF THE TWO Lf
C COMPONENTS OF THE DETERMINANT. SEE Ll
C DESCRIPTION OF PARAMETER DP BELOW. L.
C 02 - OUTPUT SCALAR CONTAINING ONE OF THE L-
C TWO COMPONENTS OF THE DETERMINANT. THE L!

20 C DETERMINANT MAY BE EVALUATED AS (Dll(2**D2) L
C IPVT - OUTPUT VECTOR OF LENGTH N CONTAINING THE L
C PERMUTATION INDICES. SEE DOCUMENT LI
C (ALGORITHM). Ll

C EQUIL - OUTPUT VECTOR OF LENGTH N CONTAINING L,
25 C RECIPROCALS OF THE ABSOLUTE VALUES OF L

C THE LARGEST (IN ABSOLUTE VALUE) ELEMENT L
C IN EACH ROW. L
C IER -ERROR PARAMETER L
C a 0 MEANS NO ERROR

30 C a 129 MEANS THAT MATRIX A IS
C ALGORITHMICALLY SINGULAR
C PRECISION - DOUBLE
C LANGUAGE - FORTRAN L;

35 C LATEST REVISION - AUGUST 15, 1973 L,
C CHANGE TO DOUBLE PRECISION AT BRL - 12 APRIL 1979
C L'

DIMENSION A( IAI),UL(IA,1),IPVT(1),EQUIL(1)
LEVEL 2,APULIPVTPEQUIL

40 C INITIALIZATION L
IER a 0 L,
RN a N S Dl=l.0 D2=0.0
DO 10 I11N $ BIG-0.O

DO 5 JnIN L
45 P a A(IJ) L'

UL(IJ) - P L'
IF(P.LT.O.0) Ps-P

IF (P .GT. BIG) BIG a P L'
5 CONTINUE L

50 IF (BIG .EQ. 0.0 ) GO TO 110
EQUILCI) - 1.0/BIG

10 CONTINUE L
DO 105 Js1,N L,

JM1 - J-1 L,
55 IF (JM1 .LT. 1) GO TO 40 L'

C COMPUTE U(IJ), tlai,...#J-1 L'
DO 35 IlJM1 L
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SUM = UL(IJ)
IMI a I-I Lt

60 25 IF (IMi ,LT. 1) GO TO 35 Li --

DO 30 K-i, IMi LI
SUM = SUM-UL(I,K)*UL(KJ)

30 CONTINUE LI
UL(IpJ) a SUM

65 35 CONTINUE LI
40 P a 0.0

C COMPUTE U(J#J) AND L1J)p I-J 1,.p..LI
DO 70 I-JN LI

SUM - UL(IJ)
70 55 IF (JM1 ,LT. 1) GO TO 65 LI

DO 60 K=1,JM1 LI
SUM a SUM-UL(I,KI*UL(KJI

60 CONTINUE LI
UL(IJ) a SUM

75 65 O-EQUIL(I)*SUM $ IF(Q.LT.O.0) 0--Q
IF (P *GE. Q) GO TO 70 LI
P - Q LI
IMAX - I LI

70 CONTINUE L -
80 C TEST FOR ALGORITHMIC SINGULARITY LI

IF (RN+P .EQ. RN) GO TO 110 LI
IF (J *EQ* IMAX) GO TO 80 LI

C INTERCHANGE ROWS J AND IMAX LI
Dl a -01 Ll

85 DO 75 K=1,N LI
P x UL(IMAXK)
UL(IMAXK) a UL(JK)
UL(JK) - P

75 CONTINUE LI
90 EQUIL(IMAX) a EQUIL(J) LI

80 IPVT(J) = IMAX Lt
01 a DI*UL(JJ)

85 IF(DI*D1.LE,1.0) GOTO 90
Dl a D1/16.0 $ 0Z=D24.O

95 GO TO 85 Lt
90 IF(Dl.GE.0.0625 .OR. D1.LE,-00625) GOTO 95

D1 a 01*16.0 $ 02=D2-4.0
GO TO 90 LI

95 CONTINUE Lt
100 JP1 a J+l L I

IF (JP1 oGT. N) GO TO 105 LI
C DIVIDE BY PIVOT ELEMENT U(JqJ) LI

P - UL(JJ)
DO 100 I-JPlN Lt

105 UL(IJ) a UL(I#J)/P
100 CONTINUE Lt
105 CONTINUE LI

RETURN
C ALGORITHMIC SINGULARITY LI

110 110 IER a 129 Lt
D1-0.0 $ 2=20.0

9005 RETURN Lt .
END LI
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SUBROUTINE LUELMD (AB, IPVT., NIA, X)
DOUBLE PRECISION AjBpXSUM

C L'
C FUNCTION - ELIMINATION PART OF SOLUTION OF AX=B - L

5 C FULL STORAGE "ODE
C USAGE -CALL LUELMD (AB.IPVTNIAvX)
C PARAMETERS A -THE RESULT, LUP COMPUTED IN THE SUBROUTINE L
C *LUDAT *, WHERE L IS A LOWER TRIANGULAR
C MATRIX WITH ONES ON THE MAIN DIAGONAL. U IS L'

10 C UPPER TRIANGULAR* L AND U ARE STORED AS A L'
C SINGLE MATRIX At AND THE UNIT DIAGONAL OF L
C L IS NOT STORED
C B - B IS A VECTOR OF LENGTH N ON THE RIGHT HAND L
C SIDE OF THE EQUATION AX-B L

15 C IPVT - THE PERMUTATION NATRIX RETURNED FROM THE L
C SUBROUTINE *LUOATD*, STORED AS AN N LENGTH
C VECTOR L
C N - ORDER OF A AND NUNBER OF ROWS IN B L
C IA - NUMBER OF ROWS IN THE DIMENSION STATEMENT L

20 C FOR A IN THE CALLING PROGRAM. L
C X - THE RESULT X L
C PRECISION - DOUBLE
C LANGUAGE - FORTRAN L

-- - - - --- - -- -- - -- - - I
25 C LATEST REVISION - APRIL 11,1975 L

C CHANGE TO DOUBLE PRECISION AT BRL - 12 APRIL 1979
C, L

DIMENSION A( IAp1)vB(1)pIPVTI)pK(1) L'
LEVEL 2*ABPIPVTPX

30 C SOLVE LV a 8 FOR Y L
DO 5 Is1,N

5 X(I) a B(I)
1w a 0 I
DO 20 Il,N l-

35 IP " IPVT(I) Ll
SUM * X(IP) LI
X(IP) a X(I) L-
IF (IW .EQ. 0) GO TO 15 Ll
IM1 Io LI

40 DO 10 JOIWIM1 Ll
SUM a SUM-A(IPJ)*X(J) Ll

10 CONTINUE l
GO TO 20 L'

15 IF (SUM .NE. 0.) IW - I L.
45 20 X1I) a SUM L.

C SOLVE UX Y t FOR X 1'
DO 30 IBmIpN L,

I - Ni-1B Ll
IPi a I1+ LI

50 SUM a X(I) LI
IF (IPI .GT. N) GO TO 30 LI
DO 25 JwIPloN LI

SUM a SUM-A(IpJ)*X(Jl LI
25 CONTINUE LI

55 30 X(I) a SUM/A(II) LI
RETURN
END 180
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1 PROGRAM HISTORY(INPUTOUTPUTTAPE6uOUTPUTTAPE13)
C THIS PROGRAM COMPUTES FLOW HISTORIES AT SPECIFIED LOCATIONS

COMMONICOMFLD/FPAR(5),VFPAR( 5, 5)PSCDPSCPSCTRMINRMAX
5 COMMON/CFLDEX/EXNU(3)

C fCOMFLD/ AND lCFLDEX/ ARE SHARED WITH REAOFP

DIMENSION X(5v100),R( 5,5r100)vUTEST(100)
DIMENSION PAR(1O),tVPAR(10,1O),-TITLE(3)PSCV( 10)

10 C
CALL READAM(SOSPSToTITLEvNBAD)

C READ AMBIENT DATA
IF(NBAD.NE.O.AND.NBAD.NE.33 STOP

C
15 CALL READSP(NBAD)

C THIS READS SHOCK FITTING RESULTSoTHE PARAMETERS AND THEIR
C ACCURACIES WILL BE STORED IN THE PROPER COMMON STORAGES

IF(NBAD*EQ.0) GO TO 5
PRINT 2#NBAD

20 2 FORMAT(1HO,1OX,*ERROR RETURN FROM READSP WITH NBADs*,I1O)
STOP

C
5 CONTINUE

CALL READFP(NBAD)
25 C READ IN PARAMETERS OF THE OVERPRESSURE FIELD FUNCTION

CTHE RESULTS ARE IN /COMFLD/ AND ICFLDEXI

7 FORMAT(1H0,10X,*ERROR RETURN FROM READFP WITH NBADa*,I0)

C

4010 CONTINUE

35C NEXT EXPRESS FIELD PARAMETERS IN SCALES SPECIFIED BY READAM

DO 20 KA-1,5 S D0 15 KB-1,5
40 15 VPAR(KAKB)UVFPAR(KAKB)*SCV(KA)*SCV(KB)

20 PAR(KA)mFPAR(KA)*SCV(KAl

N Pm9
C NP IS THE TOTAL NUMBER OF PARAMETERS. PAR WILL BE SUPPLEMENTED

45 C I N FLOFLD WITH SHOCK PARAMETERS
C
25 READ 35PTAPTBPDHISTPTMAXANR
C READ AN INSTRUCTION CARD FOR HISTORY COMPUTATION
35 FORMAT(2A10v6E10.3)

50 PRINT 36,TATBDHISTTMAXANR
36 FORMAT(1H1,i/,1H ,10X,*INPUT READ BY HISTORYMAIN*,/v1HO,5X,2A1OP

A 6(2X,1PE14.7))
IF(TA.NE.10H )GOTO 55
PRINT 45 S STOP

55 45 FDRMAT(1HO,10X,*STOP BECAUSE FIRST FIELD OF INPUT CARD IS BLANK*)

55 PRINT 65
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65 FORMAT(lHO,5X,*THE CARD CONTAINS DISTANCE. MAXIMUM TIME AND*,
A * THE DESIRED NUMBER OF NODES*,/IH o5Xv$FLOW HISTORY WILL*#

60 B * BE CALCULATED AT THE GIVEN DISTANCE AND UP TO THE MAXIMUM*,
C * TIMEo*,iIH ,5X,*COMPUTING SCALES ARE SPECIFIED BY*
0 ,*AMBIENT DATA INPUT*)
PRINT 75

75 FORMAT(lHO,1OX,*THE PRESENT INPUT IS ASSURED TO BE IN SI UNITS*)-
65

RMINSwRMIN*SCD/SD S RMAXSmRMAX*SCD/SD
DHISTS=DHISTISD S TMAXSmTMAXIST
NRHIST-ANR

70 CALL FLOFLD(SDSPPSTRMINSRMAXSDHISTSTMAXSPARPVPARNPP
A XRNRI4ISTUTESTPNUTESTNBAD)
IF(NBAO.NEeOJ PRINT 85,NOAD

85 FORMAT(1HO,1OX,*ERRROR RETURN FROM FLOFLO WITH NBAD2*PI10,I
AI,1IiO,1OX,*NEXT TRY TO PLOT THE RESULT*)

75 C THIS COMPUTED AND PRINTED THE FLOW FIELD AT DI4IST
CALL PLFFLD(SDPSPiPSTDHISTSP XRPNRHISTPUTESTPNUTESTVTITLE)

C THIS PLOTTED THE RESULTS OF FLOFLO
GOTO 25

C
so END
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1" SUBROUTINE READAM(SCDISTSCPRESSCTIMEP TITLE, NBAD)
C THIS ROUTINE READS TITLEP PLOTLABEL AND DATA CARDS DESCRIBING
C AMBIENT CONDITIONS AND THE CHARGE
C FIRST TWO CARDS ARE MANDATORY AND ALPHANUMERIC (TITLE AND PLOTLABEL

- C THE REST OF THE CARDS HAVE THE FORMAT (2AlO6E0. 3)
C CHARGE CARD IS MANDATORY
C IF AMBIENT DATA ARE NOT PROVIDED THEN STANDARD AIR WILL BE ASSUMED
C
C SEQUENCE OF MANDATORY INPUT CARDS

10 C TITLE CARD (ALPHANUMERIC?
C PLOTLABEL CARD (ALPHANUMERIC)
C CHARGE CARD a VOLUME, ENERGY, HIGHT, ERROR OF HIGHT
C
C THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUENCE

15 C AMBIENT a PTEMPERATUREP GAMMA, MOLAR 1ASS
C DEFAULT VALUES CORRESPOND TO A STANDARD AIR
C SCALES m SCALES OF RvPT TO BE USED IN COMPUTATIONS

[ DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110
C PLOTTING D4TA - ERROR FACTORS FOR THE PLOTTING OF CONFIDENCE

20 C LIMITS IN HISTORY PLOTS
C DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS
c
C END OF INPUT IS INDICATED BY A BLANK CARD
C

25 D IMENSION TITLE( 3)

25 DIMENSION D(B),PAMSTAR(4)
COMMONIAMCHA/AIRPRPAIRTEMAIRGAMAIRtmaLCHARVOUCHAREN,

ACHARHI•CHARHER
COMMONIPLOTIPD(6) P PLABL(4)

30 DATA(TITL -1OHTITLE ) (PLAB-1OHPLOTLABEL)~DATA ( BLANK-EOH 1• (AMBeIOHAMBI ENT I "'

DATA (CHAaIOHCHARGE I
OATA(PLT-1OMPLOTTING Jw(SCAL-IOHSCALES RoP)

15 FORMAT(LHI,1OX,9OHINPUT READ BY READAMP/PIH ,1OXZOI1H-,Ip)
" 35 25 FORMAT(6A10)

26 FORMAT(1H 10X,8A1O)
35 FORMAT(ZAlO,6E10.3)
36 FORMAT(IH t 5XZAIOpb(2XlPE14.7))

C " .

40 PD(1)-2.D
C DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES

PD(2)*2.0
C DEFAULT VALUE FOR PLOTTING FIELD HISTORIES (PVRHO,V**2*RHOI2.)

AIRPRaIO 325.0 S AIRTEM-293.0 $ AIRGAM'.4
45 AIRNOL=O.Oze96 $ AIRDEN-(AIRMOLI83143)*(AIRPRIAIRTEI

* C THESE ARE STANDARD AIR DEFAULT VALUES FOR AMBIENT CONDITIONS
C

NSCAL0 S OAMSTAR-O
NAMBsO S NCHA*O

50 DO 37 Jul'p-
37 AMSTARtJ) -1H

.PRINT 15
00 46 KKu1,2
READ 25(D(J)pJ1,81

55 PRINT 26,((J)pJ1"81
IF(0(lI.EQ.TtTL I GOTO 42
IF(D(IoEQ.PLABI GOTO .4
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PRINT 48 $ NBAD1l S RETURN
C

60 42 DO 43 KA-1,3
43 TITLE (KAI =O(KAt1I

GOTU 46
44 DO 45 KAu1,4
45 PLABL(KA)uD(KA+ll

65 46 CONTINUE
C

47 READ 35v(D(Jh.Ja1,8)
PRINT 36v(D(JI,J~ls8I
IF(D(1).EQ.AMB)GOTO 55

70 IF(D(l).EQ*CHA)GOTO 65
IF(D(1)*EQ.PLT) GOTO 66
IF(0(1'I.EQeSCAL) GOTO 68
IF(D(1)oEQ.BLANK) GOTO 69

475 PRINT 48 S NBAD=2 $ RETURN
75 48 FORMAT(IHO#10XI3HINVALID INPUT)

C
55 IF(NAMB*EQ.1)GOTO 475

C ONLY ONE AMBIENT DATA CARD WILL BE CONSIDERED
NAMBal

80 IF(D(31 .GT.Ob)AIRPRmD(3) S IF(D(4).GT.0. )AIRTEM-D(4l
IF(D(5)eGT.o.JAIRGAMmD(5) S IF(D(6) .GT.0.)AIRMOLvD(6)

C IF INPUT IS ZERO THEN USE AIR DEFAULT VALUES
DO 57 KAu1,4 $ AMSTAR(KA)slH
IF(D(KA*2).GT.0.) GOTO 57

85 AMSTAR(KAI=lH* S NAMSTARsi
57 CONTINUE

AIRDEN- (AIRMOL/8.3143)*( AIRPR/AIRTEM)
GOTO 47

C
90 65 IF(NCHA.EQ.1)GOTO 475

CHARVO-D(3) $ CHARENuD(4)
CHARHI=D(5) $ CHARHERuD(6)
NCHA-1
GOTO 47

95 C
66 DO 67 KAmlv6
67 PD(KAI-D(KA+21

100 GOTO 47

CPLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT
100 C PD(I)s ERROR FACTOR FOR PRESSURE HISTORIES

C PD(2)u ERROR FACTOR FOR OTHER FLOW HISTORIES
C
68 NSCAL1l

SCDsD(3) S SCP-D(4) $ SCT*D(5)
105C SCALE CARD OVERRIDES SCALES COMPUTED FROM AMBIENT AND CHARGE DATA

IF(SCD.GT.0..AND.SCP. GT.0..AND.SCT.GT.0.) GOTO 47
NSCAL*0 S PRINT 681

681 FORMAT(lH PI0XP36HNON-POSITIVE SCALES ARE NOT ACCEPTED)
GOTO 47

110 C
69 IF(NCHA.EQ.0.OR.NAMB*EQ*01 PRINT 70
70 FORMAT(IHO,1OX,16HINCOMPLETE INPUT)

75 PRINT1D6op(TITLE(J),J-1,3)
106 FORMAT(INIPIIH v10XK,5HEVENTvI,1H vIOX, 541H-Il1H0v15X,3A10,ll
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115 PRINT 107
107 FORMAT(lHO,1OX,18HAMBIENT CONDITIONSlIH ,1OX,18t1H-),I)

IF(NAMB.EQ.O) PRINT 1071
1071 FORMAT(lHO,1OXP3bHTHE FOLLOWING AMBIENT CONDITIONS ARE,

A IjlN ,10XZ7HSTANDARD AIR DEFAULT VALUES,I)
* 120 PRINT 108,AMSTAR(I),AIRPRAMSTAR(2) ,AIRTEMAMSTAR(3)PAIRGAM,

A AMSTAR(4)PAIRMOL
108 FORMAT(lH ,13XAL,1X,8HPRESSURE,1IX,7HAIRPR =91PE12*5#4H PAPI,

A 114 ,13X%,A1,1X,11HTEMPERATUREBX,7HAIRTEM,1lPE12.3H Kv/l,
8 14 j,13X,*A1,1X,16HSPEC. HEAT RATIOp3X,7HAIRGAMmv1PEI2*5,l,

125 C 114 ,13XAl,1X,10HMOLAR MASSp9X,7HAIRMOLu,1PE12.5,9H KGIMOLEV/)
A[RSNDaSQRT(AIRGAM*AIRPR/AIRDEN)
PRINT 109,oAIRSNDAIRDEN

109 FORMAT(lH ,15X,11HSOUND SPEED,8Xv7HAIRSND~j,1PE12.5,5H MISPl,
A 1H4 *15X,7HDENSITY.*12X97HAIRDENaP1PE12.5v9H KGIMq**3911

130 IF(NAMSTAR*EQ*1) PRINT 1081
1081 FORMAT(114 ,13X,35H* THE STARRED DATA ARE STANDARD AIR,

A 15H4 DEFAULT VALUESPl)

IF(NCHA*EQ.1) GOTO 1100
135 NBAD-4 $ PRINT 110lNBAD S RETURN

1101 FORMAT(1HO,1OXP29HRETURN FROM READAM WITH NBADO,12,
A 33H4, BECAUSE CHARGE DATA ARE MISSING)

C
01100 PRINT 110

140 110 FORMAT(1H0,1OXPI8HCHARGE DESCRIPTION#l,1H ,1OX,18(1H-)P/)
PRINT 111, CHARVOPCHAREN

III FORMAT(IH #15XP13HCHARGE VOLUME,6Xv7HCHARVOa,1PE12*5v6H f**3#/v
A 1H 915XP13IFCHARGE ENERGY,b6X,7HCHAREN.,1PE12.5,3H Jol)
SCDIST-CHARVO**(1.13. 3

145 PRINT 1110#CHARHIPCHARHER
1110 FORMAT(lIH #15X,16HCHARGE ELEVATION,3X,7?HCHtARHIu,1PE12.5,4H *

A 1PEl2.5,3H Mvl3
SCTIME=SCDIST/AIRSND
SCPR ES. AIR PR

150 SCEVENsCHAREN/(CHARVO*AIRPR)
PRINT 112

112 FORMAT(1HO,10X,7HSCALINGv/v1H ,1OXv7(1H-1v/1
PRINT 113PSCOISToSCTIMEPSCPRESPSCEVEN

113 FORMAT(IH P15XP12HLENGTH SCALE,4X,2OHSCDIST-CHARVO**(1/3),
155 A 2 XpIHav1 P E12 o5 v3 H Mv/,

B 114 915XP1OHTIME SCALE,6X,20HSCTIME-SCDISTIAIRSND,
C 2Xv 1H-P1PE 12.5,3H S,1,
D 114 ,15XP14HPRESSURE SCALEv2XP13HSCPRES*AIRPRp
E 91,1It-,1PE12.5v4H PAPl,

* 160 F 114 P15XP14HSCALE OF EVENTj,2XZ1HCHARENI(CHARVO*AIRPR),
G 1X,1Hm,1PE12e5,l)

IF(SCEVENeEO.090)PRINT 114
114 FORMAT(1- ,15Xj,3OHEVENT CANNOT BE SCALED BECAUSE,

A29H CHAREN IS NOT GIVEN BY INPUTl
165

IF(NSCAL.EQ.01 GOTO 115
*C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ

SCDIST*SCD $ SCPRES-SCP $ SCTIMEmSCT

170 115 PRINT 116PSCDISTPSCTIMEPSCPRE!;
116 FORMAT(IH 9,lll/,1H P1OXP27HSCALES USED IN THIS PROGRAM#/.*
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A 1H ,1OXs2?I1H-),iI,1H PZOXP16HLENGTH SCALE U, IPE 12o59,3H 11
6 114 ,20XP16HITIME SCALE *,1PE12.5,3H SpIp
C 1H ,20X916HPRESSURE SCALE =v1PEl2*5p44 PA)

~ NBAD-O
RETURN
END .
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1 SUBROUTINE READSP(NBAD)
C
C THIS ROUTINE READS SHOCK PARAMETERS NAD THEIR ACCURACIES
C

5 CDMMON/COMSHKINPSPAR (4), VPAR( 4,4),SCD, SCPSCT
C OMMON/CF 2DER/GAMCAP, SNDS PD,-CF PAR (4) , ALOUPCFSCDoCFSCP, CFSCT
COMMONIAIIBCHAIAMPPAMTPAMGPAMMP AMCHVPAMCHEAMCHHPAMCHHtE

DIMENSION DAT(8),ER(4 )vCOR(4,4)
10 DIMENSION D51f4),DSC(4)PDPR(4)

C
DATA(PLulOHSHOCKPAR ),(EL=1ONSHOCKPARER),(CL1lOHSHOCKPARCOI,

A (SCu1OHSHOCKSCALE)v(BL1O0H

15 DATA DSI/1OHPA*M ,1OHPA*M**2 P1OHPA*M**3 f
A 10HS/

filDATA DSC/ IOHSCP*SCD ,1OHSCP*SCD**2, 1OHSCP*SCD**3,
A IOHSCTI

20 KPL-1 S KEL-1 S KCL=1 S KSC-1
PRINT 12

12 FORMAT(1lH1,1OX,20HINPUT READ BY READSPI)
15 FORMAT(2Al0,6El0*3)
25 FORMAT( 1H v5Xp2Al0,b(2X,1PE14.7))

25 35 READ 15,(DAT(J),Jmlv8l
PRINT 25,v(DAT(J),J-1,8)
IF(DAT(1).EQ*PL) GOTO 55
IF(DAT(11.EQ.EL) GOTO 75
I F(DAT( 11)*E Q.CL ) GOTO 95

30 IF(0DA T( 1) .E0. SC ) GOTO 115
IF(OAT(i).EQ.BL) GOTO 125
NB AD-i
PRINT 45 S RETURN

45 FORMAT(1HOP1OX,13HINVALIO INPUT)
35 C

55 DO 65 KAu1,4
65 PAR(KA)-DAT(KA42)

DALOW=DAT(7)
IF(DALDW.GE.1.OE-90) GOTO 67

40 PRINT 66DAT(6)
66 FORMAT(1H ,10X,'5-TH NUMBER ON PREVIOUS CARD SHOULD BE

A 'POSITIVE INDICATING SHOCK DISTANCE AT Tol1PE12.5)
NBAD*66 S PRINT 45
R ETURN

*45 67 CONTINUE
KPLsO
GOTO 35

C
75 DO 85 KA-19,4

50 85 ER(KA)=OAT(KA+2)
KEL-O

* GOTO 35
C
95 CORC1,1)-l. S COR(2v2lwl. S COR(3,31-1. S COR(4#4)sl*

55 CO0R( 1,2 -aD A T 3) 1 CO0RI ,1) aCO0RE 1,p2)
CO0RE 1,3 =-D A T 4) s C 0R 3 , 1)CO0R 1,v3)
CO0RE 1,4)-DA T(5) S COR(4,1i-COR(l1,41
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COR(Z2,3)=DAT(6) S COR(3p2)NCOR(2,3)
COR(294)20AT(7) $ C OR( 4,2)-C OR(29 4t)Ii 60 CORI 3p4)-OAT(8) S COR14,p3)*COR(3,94)

GOTO 35
C
115 SCDsDAT(3) S SCP=DAT(4) S SCTODAT(5)

65 KSCuO
GOTO 35

C

125 IF(KPL.EQ.O.At4D.KEL.EQ.0.AND.KCL.EQO.AND.KSC .EQ.0)GOTO 145pN BAD a2
70 PRINT 135 S RETURN

135 FORMAT(1HOP1OXP16HINCOMPLETE INPUT)
C
145 NPS*4

Ala U.0A LOW *Sc 0
(b 75 GAMCAPa((1.+AMG)/(2.*AMGJ)I/AMP

C CF20ERI IS NEDDFOR SOKARRIVAL TIME COMPUTATIONS

DO 166 KAm1,4$DO15Ku#
so ~~166 VPR(KA-O)SE(KA)*O(AK*EKB

ADISOD-lENSCONSI
85 ~ ~ ~~GT 169DEo~eN.Ce~loADS~E~l)G 6
90 167D0 168 KAI,#4

168 DPR( KA) =DSI(KA)

DISDI-10HMETRES
169 PRINT 175,1 (PAR(J),ER(JIOPR(J)),J-194)
175 FORMAT(I1H , 14X, PE12. 5,4X,1PE1O.3,2XA1O)

95 PRINT 178PDALOWPDISDI
178 FORMAT( 1HOP1OXP43HTHE LAST PARAMETER IS SHOCK ARRIVAL TIME AT#

A 2XP1PE12.5,ZXA1Ol
PRINT 185

185 FORMATtiN P/II.91H ,15Xv*SHOCK PARAMETER CORRELATION MATRIX*YI3
100 PRINT 195,((COR(JKlvKu1,4)vJu1,4)

195 FORMAT(4( LH v10X,4(2XOPF1O.7l,/J)
PRINT 205

205 FORMAT(I 9III,1H 915X,16HSHOCK PARAMETER ,

A 26HVARIANCE-COVARIANCE MATRIX,/I
105 PRINT 215,(IVPAR(JvK),Kulv4)pJ1,x4)

215 FORMAT(4( iN ,10Xp4(2X,1PE12.5),fl)
PRINT 225

225 FORMAT(1H ,//IH 916X#22HSHOCK PARAMETER SCALES,/)
PRINT 235,SCOqSCPSCT

* 110 235 FORMAT(I *15XP12HLENGTH SCALE,4XSHSCD -v1PE12e5p3H Mliv
A 1H P15X,14MPRESSURE SCALE,2Xv5HSCP 091PE12.54F PA,/,
8 1H #15XP10HTIME SCALE,6X,5HST =,1PE12e5,3H S)
RETURN
END
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SUBROUTINE READFP(NBAD)
C THIS READS OVERPRESSURE FIELD FUNCTION PARAMETERS
C

COMM ON/CFLDEX/EXNU( 3)
5 COMMON/COMFLDIFPAR(5) ,VFPAR(5, 5hSCDSCPPSCTRMINRMAX

C /COMFLDI IS AVAILABLE TO THE MAIN PROGRAM
C

DIMENSION DAT(8lER(5lCOR(5,5j
DIMENSION DIMA(5),OKMB(5)

10 C
DATA(FP=1OHFIELOPAR ).(FE810HFIELDPARER),tFSa10HFIELDPARSC)
1 v(FCw10HFIELDPARCO)v(BL1l0H
DATA( EX*IOHFIELDPAREX ) ,(RAu1OHFIELDPARRA)
DATA (CORI-iGH 1 )#(COR2*IOH 2)

15 C
PRINT 12

12 FORMAT(IH1,910X,*INPUT READ BY REAOFP*P/)
15 FORMAT(2AI1O,6E10.3)
25 FORMAT~lH vSXv2Al0p6(2X,1PE14.7))

20 35 READ 15,(DAT(JlJwl,8)
PRINT 25j,(DAT(J),Js1,8)
IF(DAT(l).EQ*FP) GO TO 55
IF(DAT(1)eEQ.FEl GO TO 75
IF(DAT(1).EQ.FS) GO TO 95

25 IF(DAT(1).EQ.FC) GO TO 115
IF(DAT(1).EQ.BL) GO TO 125
IF(DAT(1)*EQoEX) GO TO 135
IF(DAT(1)oEQoRA) GOTO 145

38 NBADml
30 PRINT 45

45 FORMAT(H PIOX,-*INVALID INPUT*)
RETURN

C
55 DO 65 KA-1,5

35 FPAR(KA)zDAT(KA+2)
65 CONTINUE

GO TO 35
75 DO 85 KAs1,5

ER(KA)-DAT(KA+2)
40 85 CONTINUE

GO TO 35
95 SCD=DAT(3) S SCPaDAT(4) S SCTsDAT(5)

GO TO 35
115 IF(DATI2).EQ.CORI) GOTO 116

045 IF(DAT(2).EQ*COR2) GOTO 120
GOTO 38

116 COR(l1, 13.. S COR(2,2)81. S COR(3,3)1l
COR(4,4)-l. S COR(5,5)-1.
COR(l,2)-DAT(31 S COR(2,1)aDAT(3)

50 COR(I,3imDAT(4l S COR(3,1)=OAT(4)
COR(1,41-DAT(5) $ COR(4,1)'.DAT(51
CcJR(l,5l-DAT(6) S COR(5,l)sDAT(6)
COR(2,3)*DAT(7) S COR(3v2)sDAT(7)
GO TO 35

55 120 COR(2p4)-DAT(3) S COR(4p2)aDAT(3)
COR(2,53'DAT(4) S COR(5,2)*DAT(4)
CDR( 3,41-DAT(5) S COR(493)*DAT(5)
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COR(3,5)=OAT(6) $ COR(5,3)-DAT(6)
COR(4,5)=DAT(7) $ COR(5v4)=DAT(7)

60 GO TO 35
135 DO 160 KA=1,3

EXNU( KA)=DAT(KA+2)
160 CONTINUE

GO TO 35
65 145 RMIN=DAT(3) $ RMAXDOAT(4)

GOTO 35
C
C ENTER 125 WHEN BLANK CARD INDICATES END OF DATA

125 DO 155 KA=1,5
70 DO 155 KB=1,5

V FPAR(K A,KB-uER (KA * OR (K AKB) *ER (KB)
155 CONTINUE

N BAD -0
C NOW PRINT COMPREHENSIVE LIST OF INPUT

75 PRINT 165
165 FORMAT( HO,12X, 16HFIELO PARAMETERS,3XP1OHSTD.ERRORS,4X,

A 10IDMENSIONSI)
DIMA(1)*10HM**EXA/S $ DIMB(1)=1OH
DIMA( 2)-10HM**(EXA-1) $ OIMB(2)-1OH/S

* 80 DIMA(3)*1OHM**EXB/S**S DIMB(3)-1OH2
DIMA(4)=1OHM**(EXB-1) S DIMB(4)-1OH/S**2
DIMAC 5)ulOHM**EXC*PA $ DIMB(5)=10H
IF(SCT.EQ.1..AND.SCD.EQ.1..AND.SCP.EQ.1. )GOTO 168
DIMA (1 )=10HSCD**EXA/S $ DIMB( 1)=1OHCT

85 DIMA(2)-IOHSCD**(EXA- $ DIMB(2)=1OH1)ISCT
DIMA( 3)=1OHSCD**EXB/S S DIMB(3)*IOHCT**2
DIMA(4)=LOHSCD**(EXB- S DIMBI 4)=1OHl)/SCT**2
DIMA(5)u1OHSCD**EXC*S $ DIMB(5)-1OHCP

168 CONTINUE
90 PRINT 175,4(FPAR(J),ER(J),DIMA(J),DIMB(J)),J-1,5)

175 FORMAT(1H ,14X,1PE12.5,4XIPE1O.3,4X,2A10)
PRINT 178PRMINRMAX

178 FORMAT( 1HI012X,34HTHE PARAMETERS CAN BE USED BETWEEN,
A 6H RMIN-,1PE12.5104 AND RMAXOP1PE12.5)

95 IF(SCD.EQ.1.)PRINT 1781
1781 FORMAT(lH~,86X,7H METRES)

IF(SCD.NE.1.)PRINT 1782
1782 FORMAT(1H~,86Xt4H SCD)

PRINT 180
100 180 FORMAT(1HO,12X,39HEXPONENTS IN OVERPRESSURE FIELD FORMULAI)

PRINT 182,EXNU( 1),EXNU(2)PEXNU13)
182 FORMAT(1H ,15X,5HEXA wpF12.2#/,1H ,15Xp5HEXB at

* A F12.29/,LH j,15X,5HEXC -,F12.2,/)
PRINT 185

105 185 FORMAT(1H , I,1H ,15X,*FIELD PARAMETER CORRELATION MATRIX*,I)
PR[NT 195,4 (COR(JK),KNI#5)9,J1,5)

195 FORMAT(5(1H ,1OX,5(2XF10.7),/)I
PRINT 205

205 FORMAT(1H ,l//,1H ,15X,*FIELD PARAMETER *j,
* 110 A *VARIANCE-COVARIANCE MATR[X*,I)

PRINT 215,4 (VFPAR(JKlpK-1,5),Jsl1,5)
215 FORMAT(5(IH ,1OXP5(2XP1PE12.5)9/))

PRINT 225
225 FORMAT(H P//IH ,16XP*IIELD PARAMETER SCALES*,/)
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11, PRINT 23SvSCDSCP#SCT
235 FORMAT(lIN P15X,1ZHLENGTHN SCALE,4XSNSCON ,LPE12.5,ZH Mr/p

A IN ,15X,*14HPRESSURE SCALEp2X,5I4SCPO PIPE1ZOO,3 PAPIP
8 IN #15X,1OHTIMNE SCALEp6XSHSCTO PIPE12.592H S)
RtETU RN

120 END
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SUBROUTINE FLOFLD(SCODSCPPSCTPRMINsRMAXRTMAXPARVPARNPAR
A HISTVHISTpNHISTUTSTPNUTSTNBADI

C THIS IS CALLED FROM MAIN TO COMPUTE THE FLOW HISTORY A THE
5 C DISTANCE R AND FOR TIMES BETWEEN SHOCK ARRIVAL AND TMAX

C
C SCDoSCPSCT * SCALES. ALL ARGUMENTS ARE IN TERMS OF
C THESE SCALES
C RMINRNAX " RANGE OF PRESSURE FIELD APPROXIMATION

10 C RTMAX * DISTANCE AND END POINT OF HISTORY
C PARVPARPNPAR * PARAMETERS OF PRESSURE FIELD FUNCTION
C PFIELD AND VARIANCES OF THE PARAMETERS. PAR AND
C VPAR WILL BE SUPPLEMENTED BY SHOCK PARAMETERS AND THEIR
C VARIANCES. NPAR IS IGNORED AND SET EQUAL TO 9.

1s C NHIST N NUMBER OF NODES TO BE COMPUTED. IT WILL BE
C REPLACED BY ACTUALLY COMPUTED NODES.
C
C THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE
C

20 C HIST(5,NHISTl a FLOW FIELD HISTORY (TvPvRvUpRHOO.5#U**2*RHOl
C VHIST(5p5pNHIST) VARIANCE-COVARIANCE MATRICES OF HIST
C NHIST a NUMBER OF HISTORY NODES COMPUTED
C UTST(NUTST) - PARTICLE VELOCITIES COMPUTED BY TEST PROCESS
C HUTST a NUMBER OF TEST VELOCITIES IN UTST

25 C NBAD - ERROR INDICATOR
C.
C ROUTINE USES SUBROUTINES STRBEG, STRLIN AND FLINTER
C

EXTERNAL PFIELD
30 C PRESSURE FIELD FUNCTION

C
DIMENSION PAR(1OIVPAR(IOPIOI HIST( 5.100I VHIST(5v5,1OO)UTST(100
DIMENSION SOLIN(6),TPIN(1O),XPP(O),UPP(10) UPTP(IO DPIN(IO)

35 DIMENSION STRNU(6,200 VSTRNU(6,6b2OO STROL(62OOIVSTROL(6,6200
1)

C
COMMONI/V3CHAIAPRE, ATEM, AGAM, AMOLCHVOLCHENE•CHHIGPECHHIG
COMMONICSCALEISCDIPSCPRSCTI

40 COMMONICONSHKINPSHPARSH('dVPARSH( '.,4hSCDSHSCPSHSCTSH
C

SCDIaSCD S SCPR-SCP S SCTI.SCT
C THESE SCALES ARE NEEDED IN OFUNCT WHICH IS CALLED FROM PFIELD
C

45 C NEXT SUPPLEMENT PAR AND VPAR WITH SHOCK PARAMETERS
DO 8 KA6Bp8
PAR(KAIuPARSH(KA-51*(SCPSHISCP )*(SCDSH/SCDI**(KA-51
VPAR(KA,91 VPARSH(KA-5,4J*( SCTSH/SCTI*( SCDSHfSCD) *(KA-5)
A *(SCPSH/SCP)

50 VPAR(q9KAlmVPAR(KA9)
DO B KBs6,8
VPAR(KBPKA)UVPARSH(KB-SKA-51* (SCPSHISCP)**2
A *(SCDSH/SCDI**(KA+KB-1OJ

8 CONTINUE
55 PAR(9)UPARSHI4)*SCTSHISCT

VPAR(9,99).VPARSH(4,4) *(SCTSHISCT)**2
DO 9 KAu1,5 S DO 9 KB86,9 $ VPAR(KA•KBIO.
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9 VPARIKBPKA)=O
NP AR 9

60 C THIS PROGRAM ASSUMES 5 PRESSURE FIELD PARAMETERS AND
C 4 SHOCK PARAMETERS
C

N SAD=*
IF(NHIST.GEel) GOTO 12

65 11 NBAD-11 S PRINT 14PNBAD
PRINT 16 S RETURN

16 FORMAT(lH.,45X,',BECAUSE NHISTuO')
12 IF(O..LT.RMIN.AND.RMIN.LE.R.AND.R.LE.RMAXI GOTO 15

13 NBADmI3 S PRINT 14PNBAD
*70 PRINT 17 S RETURN

17 FORMAT(1H*945XP 9,SECAUSE RMINRMAXR ARE OUTSIDE RANGES11
14 FORMAT(1HO,1OX,29HRETURN FROM FLOFLO WITH NSAD-PI1

C
15 NHMAX*NIIIST

*75 AIRPRSCuAPRE/SCP
C SCALED AIR PRESSURE IS NEEDED BY STRLIN

RINNUaR S NHIST-1
C SET TO COMPUTE FIRST HISTORY NODE

25 SOLIN(31=RIN4U
so C

C ALL STRBEG(SOLINTPINXPPUPPUPTPOPINLBAD)
C THIS COMPUTES INITIAL POINT OF STREAMLINE
C
C SOLIN(6) = FLOW VARIABLES (T PoRURHDO*5*U**2*RHO)

85 C TPIN(10) mDIOPAR OF INITIAL TIME SOLIN(1)
C EPP(lO) aDIOPAR OF THE INITIAL POSITION SOLIN(31
C UPP(1o) *D/DPAR OF THE INITIAL PARTICLE VELOCITY SOLINI41
C UPTP110) -D/OPAR OF THE INI1TIAL PARTICLE ACCELERATION
C OPIN(1O) wAN EXPRESSION OF DERIVATIVES NEEDED BY STALIN

90q C LBAD a ERROR INDICATOR. LBAD.NE.O IF ERROR RETURN FROM SYRSEG
C

IF(LBAD.EQ.O) GOTO 35
34 MBAO*34 S PRINT 14, NBAD S RETURN
35 TMAXSeAMAX1(TMAXSOLIN(lif

95 NSTRNU-200
OTNUaSOLINI 1)1100.

C DEFAULT DT FOR ONE-NODE STREAMLINE COMPUTATION
NODE S-M IN 0(NSTRNU-1 M AXO(NMHMAX 20 1
IF(TMAXS.GT.SOLIN(1)TNUs(TMAXS-SOLIN(I1)IFLOAT(NODES-1)

100 C
CALL STRLIN(TMAXSAIRPRSCAGAMPFIELDPAR,*VPARNPARSDLIN,
A TPIMPXPPUPPUPTPDPINOTNUSTRNUVSTRNUNSTRMULBADI

C THIS COMPUTES A STREAMLINE STARTING AT SOLIN AND ENDING AT THAXS
105 C

C TMAXS a END POINT OF STREAMLINE
C AIRPRSC = AIR PRESSURE
C AGAM - GAMMA OF AIR
C PFIELD = PRESSURE FIELD FUNCTION

*110 C PARVPARNPAR a PRESSURE FIELD PARAMETERS, VARIANCES, NUMBER
C
C SOLIN THROUGH OPIN ARE PASSED FROM STRBEG
C
C DTNU a DELTA-TIME TO BE USED FOR INTEGRATION

195
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115 C STRNU(6200) v STREAMLINE FLOW VARIABLES (TPvRvURHODOP)-
C VSTRNU(696P200) - VARIANCE-COVARIANCE MATRICES OF STRNU
C NSTRNU a NUMBER OF NODES IN STRNU, INITIALLY IT SHOULD
C BE SET EQUAL TO THE MAXIMUM DESIRED
C LBAD a ERROR INDICATOR. LBAO.NE.O IF ERROR RETURN

120 C
IF(LBAD.EQ.O) GOTO 48

46 NBAD-46 $ PRINT 14, NBAD S RETURN
48 IF(NHISTGT.1l GOTO 65

C BRANCH AFTER FIRST NODE. ELSE DELTR MAY BE ESTABLISHED
125 IF(TMAXoLEoSTRNU(Ioll) GOTO 55

IF(NHNAXoEQ.1) GOTO 55
C BRANCH IF THIS WAS A ONE-NODE CALCULATION

RHOZSCs(AMOLI8.3143)* ( APREIATEMI*(SCD/SCT)**2/SCP
DTHIST.(TMAX-STRNU(I,1))IFLOAT(NHAX-1)

130 C THIS IS DELTA-TIME FOR HISTORY
DELTRuDTHIST*STRNU(4,1*STRNU(2,1)I(STRNU(2,1)-RHOZSC*STRNU(4 ,1)*I

12 )
C DISTANCE DECREMENT FOR SUBSEQUENT STREAMLINES
C THE SECOND STREAMLINE WILL CROSS R AT ABOUT STRNUI1,II.DTHIST

135 C
C NOW STORE CALCULATED FIRST NODE

55 DO 57 KA*195 S DO 56 KB=1,5
KCUKA S IF(KAeGT*2)KCaKA.1
KD•KB S IF(KO.GT.2IKO-KBI-

140 56 VHIST(KAPKBPI)VSTRNU(KCKDP)"
57 HIST(KAv1)sSTRNU(KC,1)

IF(NHMAXEQol,0R.TMAX.LE.HIST(l1l) GOTO 145
C RETURN IN ONE-NODE HISTORY CASE
C

145 RINOLwRINNU S RINNURINOL-DELTR
DRSIGN-l.
GOTO 100

C BRANCH TO STORING OF STRNU IN STROL AND NEXT STREAMLINE
C

150 65 TIME-HIST(1PNHIST-I)+OTHIST
TIRE •AMNIN( TIMETMAX)

C ENTER 65 FROM 48. NOW STROL CONTAINS DATA.
C ALSO LOOP TO 65 FROM 88
C

155 CALL FLINTER(TIMERHIST, VHISTNHISTSTROL, VSTROLNSTROL.
I STRNUVSTRNUNSTRNUDRSIGNKBAD)

C THIS INTERPOLATED BETWEEN STROL AND STRNU AND STORED
C RESULTS IN HIST(.oooNHIST).
C

160 73 IF(KBAD*NE991 GOTO 75
NHIS T-NHI ST-1
GOTO 95

C BRANCH TO CALCULATION OF NEXT STREAMLINE INSTEAD OF USING EXTRAPOLATED
C VALUE

165 75 IF(KBADoEQ.O) GOTO 85
77 NBADw?7 S PRINT 14, NBAD S RETURN
85 IF(HIST(I1NHISTI)GE.TMAX-DTHIST*Ool) GOTO 145

C THIS IS REGULAR RETURN AFTER REACHING TMAX
C

170 NHIST-NHIST1'
88 GOTO 65
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C
95 RINOL wRIMNU S RINNUuRINOL -oELTR*DRSIGN

C ENTER 95 FROM 73 AND GET NEXT STREAMLINE
175 100 RINNUsAMAXI(RINNUPRNZN) S RINNIUsAlNI(RINNUPRMAX)

IF(RINNU.NEeRtNOL I SOT0 115
NESSol S SO10 155

105 FORNATI1IHO,1OX,5I4TMAKU,1PE12.5194 CANNOT BE REACHED&
A33H4 BECAUSE OF RESTRICTIONS BY RMINOP1PE12o5p11N AND RMAX-P

*180 8 IPE12.5pll
C

115 00 125 KA=lNSTRI4U
C NOW STORE OLD STREAMLINE

00 122 KBul,6 S 00 120 KC=1,6
165 120 VSTROL(KCKBKA~uVSTRNU(KCKBKAI

122 STROLIKSICA)=STRNU(KBPKA)
225 CONTINUE

NSTROL=NS TRNU
NHISTwNHIST.1

190 SOTO 25
C

145 MESSmO
C ENTER 145 FROM 65 FOR REGULAR RETURN

155 CALL PRINIS(RHISTPVHISTNIST)
195 ZF(MESS*EQ.1IPRINT 109,TMAXPRMN*RMAX

CALL UTES T(SCD, SCPpSCT, RMIN vRMAXP RTMAXP PARPVPARNPAR#
A HISTVHISTNNISTUTSTPNUTSTLBADI
CALL PRITST(RRMAXHKSTVHISTNHISTUTSTNUTSTI
IF(LBADoNE*0)PRIMY 165,LBAD

200 165 FORMAT(1IH0,1OX,12HLSAD(UTESTIuI51
RETURN
END
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SUBROUTINE STRBEG(SOLINTPINXPPUPPUPTPOPINNBADI
C
C THIS COMPUTES THE INITIAL STREAMLINE NODE ON THE SHOCK AND ITS
C ACCURACY* THE SOLIN COMPONENTS ARE

5 C (T, P, R, Up RHO, U**2*RHOI2) -

C THE GIVEN ARGUMENT IS THE SHOCK DISTANCE R=SOLIN(31.
C Rt IS ASSUMED TO BE CONSISTENT WITH THE SCALES IN ICSCALEI
C TPINPVPPUPPPUPTP AND DPIN ARE INITIAL STREAMLINE VARIABLE
C DERIVATIVES WITH RESPECT TO THE PARAMETERS

* 10 C
C ROUTINR USES F2SHCK
C

DIMENSION SOLIN(61, TPIN(1OJXPP(IO),UPP(LOJUPTP(1O),DPINI 10)
DIMENSION X(5,1),PAR(1O),FX(5),FP(IOPXXIS,5)PFXP(S,1O),

* 15 A FPP(1O,10),SOLNAT(6,4ISCALEE4)
C

COMMONICSCALE/SCDSCPPSCT
COMMONICF2DER/GAMCAPPSNDSPDCPAR(41,ALOWPSCDCSCPCSCTC

20 COMMONIAMBCHAIPZvTZPGZsAMZiVCHENCH;HCHPEHCH

DO 25 KAm1,3
25 SCALE(KA)a(SCPSISCP)*(SCDSISCD)**KA

SCALE(4)=SCTSISCT
25 00 4.5 KA-l,'. S PAR(KA)wSCALE(KA)*PARS(KA)

45 CPAR(KA)-PAR(KA)
C' THE NEW PARAMETERS ARE SCALED ACCORDING TO ICSCALEI
C

SHOSPO-SNDSPD*(SCTISCTC3*(SCDC/SCD)
30 GAMC AP*GANCAP*(SCPISCPC)

A LOW aA LOW( SCODC /SCO0
SCOCwSCD S SCPCsSCP S SCTC-SCT

C THIS TRANSFORMED ICF20ERI INTO /CSCALEI UNITS

35 R=SOLIN(3)
C NEXT COMPUTE SHOCK ARRIVAL TIME

Xils1iz0. S X(2,11*R S X(3,1)*0.
CALL F2SHCK(X,1,PARFFXFPFXXFXPFPPNBAD)
IF(NBADeNE*O) RETURN

40 C
POVu((PAR(3)IR.PAR(211IR.PAR(1IDIR
USHa*SNDSPD*SQRT( 1.+GANCAP*POV)

C SHOCK VELOCITY
ROSIu(AMZ/8.3143)*fPZ/TZ)

4.5 C ROSI IS AMBIENT DENSITY IN SI UNITS
RAMB.ROSI*(SCDISCTI**2/SCP

C AMBIENT DENSITY IN ICSCALEI UNITS
C

UPSHoPOVI (RAMI*USH I
* 50 C PARTICLE VELOCITY AT THE SHOCK

GAMTIL-((GZ-1.1I(2.*GZ*PZII*SCP
ROISHURANB*(1..GAMCAP*POV)/I1*+GAMTIL*POV)

C DENSITY AT THE SHOCK
0DPSH UP SN*2* RO SH*0. 5

55 C DYNAMIC PRESSURE AT THE SHOCK (-SPECIFIC KINETIC ENERGY$
SOLINI1)=F/SNDSPD
SOLIN(21.POV
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SOLIN(41wUPSH
SOLIN(51=ROSH

60 SOLIN(6JODPSH

C NEXT COMPUTE INFLUENCE MATRIX SOLMAT WHICH EXPRESSES THE
C RELATION BETWEEN SOLIN AND THE PARAMETER VARIANCES VPARS

DUM-1 .4CANCAP*POV
65 UPFACTsUWSH*(1./POV-0.5*GAMCAPIDUNJ

ROFACTI. I(SNDSPD**2*DUM*(1.+GAMTIL*POVJ)
DPFACT-(UPSH**2*ROFACT.2o*UPSI4*ROSHOUPFACTD*0.5I. DO 65 KA1,p3

65 SOLMAT(29KAI=l.IR**KA
?0 SOLMAT(2v4lu0.

DO 75 KAa1,4
SOLMAT(1,KAI*FP(KAI/SNDSPD
ScRLMAT(3pKA)w0.
SOLMAT( 4,KA)-UPFACT*SOLMAT( 2,KAI

75 SOLNAT( 5vKAI*ROFACT*SOLMAT(2t KAI
?5 SOLMAT(6,KA)uDPFACT*SOLMAT(2,KAI
C

DO 105 KA-1,10 S XPP(KAI=0 S UPP(KA~uO S YP!N(KAIw0 S OPINIKAIwO
105 UPTP(KA~s0

so POVRU..((3.*PAR(3)1R42.*PAR.(21)IRPAR(1I)I**2
UPTa-POYRIROSH

C DUIDT OF PARTICLE VELOCITY AT SHOCK .-

DO 115 KAsI,3
TPIN(KA.5)sSOLM'ATIIPKA)

85 DPKN(KA.S1u(ROFACTIROSH-1.I(GZ*(POVPUISCP)))*SOLNAT(2,KAI
UPP( KA.5)sSOLMAT(4,KAI

115 UPTP(KA+51-UPT*(-SOLNAT(5,KAI/ROSH*FLOAT(-KA)II(R*(KA15*PVRII
TPINf9luSOLMAT(I#4)
RETU RN

90 END
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I SUBROUTINE STRLIN(TMAXAIRPRAIRGAMPFIELDPARVPARNPARSOLIN,
A TPINXPPUPPUPTPPDPINDT, SLINA, VSLINAPNMAXAPNBAD)

C THIS COMPUTES A STREAMLINE STARTING WITH SPECIFIED INITIAL
C VALUES AND ENDING AT TMAX

- C
C TRAX a TIME AT END POINT OF STREAMLINE. THE ACTUAL TIME
C CAN BE BY DT LARGER THAN TMAX
C AIRPR * AMBIENT PRESSURE
C AIRGAM - RATIO OF SPECIFIC HEATS

10 C PFIELD a PRESSURE FIELD SUBROUTINE
C PARVPARNPAR a PARAMETERSo, THEIR VARIANCE AND NUMBER FOR PFIELD
C SOLIN(6) a INITIAL VALUES ON STREAMLINEP VIZ.
C TIME, PRESSURE, DISTANCE, VELOCITY, DENSITY#
C DYNAMIC PRESSURE (- KINETIC ENERGY DENSITY)

15 C TPIN(10) a DIOPAR OF THE INITIAL TINE
C XPP(1O) a DDPAR OF INITIAL POSITION
C UPP(lo) D/DPAR OF INITIAL PARTICLE VELOCITY
C UPTP(10) - DODPAR OF INITIALL PARTICLE ACCELERATION
C DPIN(1O) a D/DPAR EXPRESSION NEEEDED FOR INTEGRATION OF UPP

20 C DT a TIME INTERVAL FOR INTEGRATION
C
C THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE
C
C SLINA(6,NMAXA) a FLOW VARIABLES ALONG THE STREAMLINE (TPRPUPRHOPU

25 C VSLINA(6,6NMAXA)m VARIANCE-COVARIANCE MATRIX OF SLINA
C NMAXA a MAXIMUM NUMBER OF NODES IN SLINE
C MILL BE REPLACED BY ACTUAL NUMBER COMPUTED
C NBAD a ERROR INDICATOR
C

30 DIMENSION PAR(1OhPVPAR(1O,10)PSOLIN(6)PTPIN(1), XPP(10),UPP(10),
A UPTP(10)DPIN(1OISLINA(6p100,VSLINA( 6,6,1OO"

DIMENSION X(3,1)PFX(3),FP(10),FXP(3,1O),FXX(3,31pFPP(1O10)

C
35 DIMENSION UT(2)PXP(2,0I())UTP(2,1OiUP(2,10))SOLMAT(6,.10)

AU(Z)PUTT(2)PSLINE(6,5l),VSLINE(66,51)
C SLINE AND VSLINE ARE WORKING AREAS WITH LENGTH NMAX

DATA (NMAXus1)
C ,

40 NBADO.
DO 9 KA=I6
S LINE (K A, I I =S OL IN (K A

9 SLINAIKApll)SOLIN(KA)
IF(NMAXA.GT.2)GOTO 12

45 NBAD•11 S PRINT 11, NBAD S RETURN
11 FORMAT(1HOPIOX,3OHRETURN FROM STRLIN WITH NBAO *,14)
12 IF(DT.GT.0.) GOTO 15

IF(SLINA(IE).GE.TMAX) GOTO 15
NBAD-12 S PRINT 11,NBAD S RETURN

50 C DT IS PERMITTED TO BE ZERO FOR ONE POINT STREAMLINE
15 IF(SOLIN(3)oGToo.) GOTO 25

C CHECK FOR NEGATIVE INITIAL DISTANCE
NBAD-15 S PRINT 11, NBAD S RETURN

25 CONTINUE
55 ROZ*SOLIN(5) S GEXPu1.IAIRGAM S PRZ-SOLIN(2)AIRPR

DO 31 I.1,2
DO 30 KAwlvNPAR S XP(IKAlaXPP(KAO S UP(IvKA).UPP(KA"
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30 UTP(IPKA)oUPTP(KA)
31 CONTINUE

60 C
X(l,1)OSLINE(lol) S K12,llwO. S X(3#11uSLINE(3pl)2C TIME PRESSURE DISTANCE
CALL PFIELOIX,1,PARFFXFPFXXFXPFPPLBADI

3500 IF(LBAD&EQ901 GOTO 39
65 NBADu35OO4LBAD S PRINT 11, NBAD S RETURN

C
39 UT(li--FX(3)*(PRZI(F.AIRPRI)**GEXPIROZ

C DUIDT.-(DPIDR)*IPOIPI**(lIGAMMAIIRHOZERO

70 UTT(i.UT(. I*(.GEXP*IFX(1).U(1)*FX(3)3I(F.AIRPRI
A *(FXX(1,3).U(I*FXX(3v3llIFX(31I
OTSTORwOT S TSTOR=SLINA(1,1).DTSTOR S KT-1

C COMPUTATION RESULTS WILL BE STORED APROXIMATELY FOR TSTOR
C KT COUNTS STORAGE IN SLINA AND VSLINA

75 C THIS IS ACTUAL INTEGRATION INTERVAL. WITH DTS-O GET FIRST NODE
rw DTSmO.

C NEXT STATEMENT IS BEGINNING OF INTEGRATION LOOP
so 45 SLINE(3,KA,1).SLINE(3,KAI.DTS*(U(1I.0.*O*TS*(UT(1),DTSeUTT(1113I

C NEW DISTANCE BY FOURTH ORDER FORMULA IN DTS
SLINE( 1,KA41)mSLINE(1,KA) .DTS

C NEW TIME
DO 47 KBw1,NPAR

85 47 XP(2,KB)uXP(1,KB).DTS*(UP(1,KBI.O.5*DTS*UTP(1,K)
C NEW OXIOPARAMETER. THIRD ORDER ERROR IN OTS
C

X(1,II*SLINE(1,KA+1) S X(2,1).0 S X(3#1)OSLINE(3,KA.1)
CALL PF IELO( Xg,1PARP FpFXv FP F XX,FXPPFPP *LOAD)

90 IF(LBAD.EQo0) GOTO 55
5100 NBADm5100.LBAD S PRINT Up, NBAO S RETURN
C

55 SLINE(2*KA+1)nF
C NEW PRESSURE

95 UT(2I--FX(3)*(PRZI(FAIRPRj )**GEXPIROZ
U(2)sU(1),0.5*DTS*IUTI1).UT(211

C FIRST APPROXIMATION OF NEW VELOCITY. THIRD ORDER ERROR IN OTS
UTT(2)*UT(23*(-GEXP*(FX(II.U(Z)*FX(31 II(F*AaRPRI
A *(FXX(1,3).U(2)*FXX(3,v3l)FX(31)

100 U(21-U(2)*(UTT(1)-UTT(2))*DTS**2112.
C NEW VELOCITY* FIFTH ORDER ERROR IN OTS

SLINE(4,KA+15uU(2)
DO 65 KBsl#NPAR
UTP( 29KBI-UT(21*(-OPINCKB I

105 A -(FP(KBI.FX(3)*XP(2,KICB)*GEXPI(fAIRPRI
9 *(FXP(3,KB)*FXX(3,3)*XP(2,KB)l/FX(3))
UP(2,KBI.UP(1,KB).0.5*DTS*(UTP(1,KB1,UTP(2KB)I

65 CONTINUE
C NEW.DU/DPARAMETER. THIRD ORDER ERROR IN DTS

110 SLINE( 5,KA.IluROZ*( (F.AIRPRIIPRLI**GEXP
3.C NEW DENSITY

SLINE(6,KA*1)s0.5*SLINE(5,KA+1)*SLINE(4,KA.1)**2
C NEW DYNAMIC PRESSURE
C
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115 C NEXT COMPUTE VARIANCE ESTIMATES OF SOLUTION
DO 75 KBmINPAR
SOLMAT(1,KBIeTPIN(KBI
SOLM AT (2, KS )FP( KB ).FX( 3)*XP( 2,KB)
SOLM ATC 3, KB )*XP (2, I()

120 SOLMAT(4v KBI*UP(2,KB)
SOLMAT( 5,KB)SLINE(5,KA.1I*(DPIN(KBI
A *GEXP*(FP(KB)4FX(3)*XP(ZKBI*FX(13*SOLMATI1,KB)II(FAIRPRII
SOLMAT(6,KB)ao5*SL.INE(4,KA.13*(SLINE(5,KA.1)*SOLMATg4vKBI*2e
A *SLINE14,KA+1)*SOLMAT(5,KB)l

125 75 CONTINUE
C SOLMAT IS THE JACOBIAN MATRIX DSLINEIDPARAIIETER

D0 95 KBw1,6 S DO 95 KCwl,6
V SLI NE (KB, KC KA* 13.0.
DO 85 KDw1,NPAR S DO 05 KEuIPNPAR

130 VSLINE(KBKCKA.).VSLINE(KBKCKA.1).
A SOLMAT(KBKD)*VPAR(KDKE)*SOLMAT(KCKEI

85 CONTINUE
95 CONTINUE

C
* 135 C NOW STORE RESULTS IF TSTOR REACHED

KAsKA.1
IF(KT*EQ.1)GOTO 97
IF(SLINE(IKA).LT.TSTOR-DTS*0.2)GOTO 125

97 DO 99 KBu1,6 S DO 98 KCnl,6
140 98 VSLINA(KBPKCPKT)-VSLINE(KBKCKAI

99 SLINA(KBPKT~nSLINE(KSKA)
C

IF(SLINA(1,KTJ.GE&THAX)GOTO 155
C BRANCH TO 155 WHEN END OF STREAMLINE REACHED

* 145 TSTOR-SLINA(1,KTI+DTSTOR
C TINE VALUE FOR NEXT NODE TO BE STORED IN SLINA

KT=KT.1 $ DTSwDT*0.2
C AFTER FIRST NODE CONTINUE WITH DTS*GTo.
C

150 C IF(KT*LTNMAXAIGOTO 115

C THIS IS PROGRAMMING ERROR.e WITH GIVEN OT END TIME CAN4NOT
C BE REACHED IN NMAXA STEPS. CORRECT BY INCREASING DT

* DTSTORDOTSTOR*2.
155 C ELIMINATE HALF OF STORED RESULTS

KC=2 S KB*3
102 DO 104 KDo1,6 S DO 103 KE-1,6
103 VSLINA(KDKEKCIOVSLINA(KDKEKBI
104 SLINA(KDKC)aSLINA(KD,*KB)

160 KC=KC.1 S KBuKB.2
IF(KB.LEoNMAXA)GOTO 102
KTmKC-1 S TSTOR-SLINA(1,KTI+DTSTOR
GOTO 125

C
165 115 IF(KToLE.2)KAm1

C
125 IF(KAeLT.NMAX)GOTO 145

C
C NOW WORK AREA IS OVERFLOWING* ELIMINATE OLD STUFF

170 KCmZ S (8-3%%
131 DO 133 KDm1,6 S DO 132 KE1,6b
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132 VSLINE(KEKD.KC)uVSLINE(KEICDsKS)
133 SLINE(KDKC)uSLINE(KDvKS)

KC-K(C.1 S KB=KB.2
1?5 IF(KBoLE*NMAX)GOTO 131

KANKC-1 S IF(K8.EQ*NNAX.1) GOTO 45
C
C PREPARE FOR NEXT INTEGRATION STEP

145 U(1)uU(2) S UT(13-UT(2) S UTT(Uu=UTT(Z)
180 DO 148 KB=INPAR S XP(1,KBIOXP(ZPKBI S fP(1,KB)-UP(ZPKBI

148 UTP(1,KS)=UTP(2,PKBI
GOTO 45

C
155 NNAXAmKT

185 RETURN
END
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r C INTERPOLATED RESULTS ARE STORED IN HIST AND VHIST.

CHIST(5,100) a HISTORY VARIABLES a TpPURHOU**2*RHO/Z
C VIIIST(5p5,100) - VARIANCE-COVARIANCE MATRIX OF HIST

10 C NHIST a NODE NUMBER WHERE TO STORE RESULTS
C STROLD(691001 - PREVIOUS STREAMLINES1PPRURHOU**2*RHOIZ
C VSTROLD(696P1001 - VARIANCE-COVARIANCE MATRIX OF STRIOLD
C NOLD = NUMBER OF NODES IN STROLD
C STRNEW(6pl00) a NEW STREAMLINE=TPRURHOU**2*RHOI2

15 C YSTRNEW(6,6,100J - VARIANCE-COVARIANCE MATRIX OF STRNEW
C NNEW - NUMBER OF NODES IN STRNEW
C ORSIGN * SIGN OF NEXT DELTA-R TO BE SUBTRACTED
C FROM PREVIOUS INITIAL POINT OF STREAMLINE
C NBAO a ERROR INDICATOR. NOAD-99 MEANS THAT

20 C EXTRAPOLATION WOULD BE NECESSARY.
C

DIMENSION HIST(5,100) ,VHIST(5,5,100)PSTROLD(69100).VSTROLD(696,
A),STRNEW(6, 100),VSTRNEW(6, 6,100)
DIMENSION XA(6),VXA(6,6), X816) VXB( 6,6),XZ(61 ,VXZ(6,6)

NB AD-O
IF( NHIST.GE.2)GOTO 15
NBAD*14 S PRINT 14,NBAD S RETURN

14 FORMATI1HO,10Xp31HRETURN FROM FLINTER WITH NBAD m,14)
30 C NO INTERPOLATION FOR FIRST NODE OF HIST

15 IF(NOLD.GT.1)GOTO 17
NBADmI5 S PRINT 14sNBAD S RETURN

17 IF(NNEW.GT.1)GOTO 25
MRAO-17 S PRINT 149NBAD S RETURN

35 C
C NOW FIND BASE WITH TIMEmT ON OLD STREAMLINE

25 DO 29 KA=IPNOLD
IF(T-STROLD(IPKA) )35, 38,29

29 CONTINUE
40 NBAD=29 S PRINT 14PNBAD $ RETURN

35 IF(KA*GT.1)GOTO 45
NBAD-35 S PRINT 14,NBAD S RETURN

38 KAlsKA S KA2=2
FAl. S FA2O0. S GOTO 51

* 45 45 KA1wKA-1 S KA2-KA
DEN-STROLO(1,KA2J-STROLD(1,KA1 )
FAla( STROLD(1,KA2)-T) IDEN
FA2-(T-STROLD(1,KA1))fOEN

51 DO 55 KA*1,6 S DO 53 KB-1,6
50 53 VXA( KBPKA) uFAI*VSTROLDO(KBKA, KA1I IFA2*VSTROILO(KBKAKA2I

55 XA(KA~aFAI*STROLD(KAPKA1)+FA2*STROLD(KAKA2)
C
C NOW FIND BASE WITH TIMEnT OH NEW STREAMLINE

DO 69 KAw1,NNEW
55 IF(T-STRNEW(IPKA))75#78,969

69 CONTINUE
NBAO*69 S PRINT 14,NBAD S RETURN
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75 IF(I(A*GT*1160TG 85
NBAD*?5 S PRINT 14PNBAD S RETURN

60 78 KBI-KA S K62mZ
FB1U1. S F82.0* S GOTO 91

85 KBI-KA-l S KB2wKA
DEN-STRNEW( 1sKB2)-STRNEW( 1,KBI)
FBI=( STRNEW(1,K82)-TI iDEN

65 FB2-(T-STRMEW(lpKB1))DEN
91 DO 95 KA1,#6 S DO 93 KBu1#6
93 VXB(KBKAIsFBI*V STRNEW(KBKAKS1)4F82*VSTRNEW(KBKAK82I
95 XS(KA)-FBI*STRNEW(KAPKBI)*FB2*STRNEW(KAK82)

C
70 C NOW CHECK IF EXTRAPOLATION REQUIRED

IF((XA(3)-R)*(XB(31-R)oLE.OdIGOTO 105
DRSIGNml. S IF(XA(31-R.LT.O*dDRSIGNO-1.

99 NBA~s99
C THIS INDICATES THAT THE MEW VALUE IS OBTAINED BY EXTRAPOLATION

75 C
IF(XA(3)-XB(3).NE.0.)GOTO 105

102 NBAD-102 S PRINT 149NBAD S RETURN
C NOW INTERPOLATE

105 FAu(R-XB(311I(XA(3)-XB(311
80 FB=(XA(31-RII(XA(31-XB(3))

DO 115 KA-1#6 S 00 114 KB=1,6
114 VXZ(KBKA).FA*VXA(K8,KAIFB*VXB(KBKA)
115 XZ(KAI=FA*XA(KA)*FB*XB(KAI

C
85 C NEXT STORE RESULTS IN NEST AND WHIST

DO 125 KA=1,5 S DO 124 KB.1,5
KC-KA S IF(KA.GT.2)KCaKA.1
KDmKB S IF(KB.GT.Z)KDoKB*1

124 VHISr(KAIc8.NNISTI&VXZKCjXDP
90 125 HIST(KANHIST~sXZ(KC)

RETURN
END
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1 SUBROUTINE PFIELD(XPKKPARPFPFXFPFXXFXPFPPNBADI
C
C THIS IS PRESSURE FIELD CONSTRAINT SUBROUTINE*
C THE FUNCTION F IS DEFINED AS

5 C FU(PSHOCK-C)K*EXP(Q(TPRPPI1),...,P(4))*C(RP(1) - P
C THE OBSERVABLES ARE
C TIME T=X(I), OVERPRESSURE PaX(2I, RADIUS R-X(31
C THE FUNCTIONS 0,PSHOCKC WILL BE OBTAINED BY CALLING
C QFUNCT AND CCOEF.

10 C
DIMENSION X(3,1),PAR( 10),FX(3),FP(10),FXX(3,3)PFXP( 3,10IFPP(IO,:

DIMENSION QX(3IQP(I0),QXX(3.3)PQXP(3,10),QPP( 10,1O),CX13),
ACPIIO)PCXX(3,3),CXP(3,10),CPP(10,10),PSP(10),PSRP(I0)sPSPP(IOPIO:

15 DIMENSION PSCX(3)PPSCP(10)
C

NPSHKm4 S GOTO 10
ENTRY PFIELOC
NPSHKwO

20 10 CONTINUE
C
C ENTRY PFIELDC IS USED AS CONSTRAINT FOR PRESSURE FIELD ADJUSTMENT
C IT DOES NOT COMPUTE DERIVATIVES WITH RESPECT TO THE SHOCK
C PARAMETERS PAR(6 THROUGH PAR(9)

25 C
C ENTRY PFIELD IS USED TO COMPUTE THE PRESSURE FIELD AFTER ADJUSTMENT
C* IT COMPUTES DERIVATIVES OF THE OVERPRESSURE WITH RESPECT TO
C ALL PARAMETERS
C

30 DO 12 1(8-1,10
FXP(IKBI-0 S FXP(2,oKB)-0 6 FXP(3vKB)=0 S FP(KBI=O-
DO 12 KC-1,10

12 FPP(KCPKB)-O
N BAD- 0

* 35 CALL QFUNCT (XgKKP PARP QpQXv OPPQXXvQXPQOPP
APSPPS Rp PS Pt PSRR, PSRP, PSPPPNPSHKP NBAD I

* IF(NBAD.NEeOl RETURN
CALL CCOEF(XPKKPARCCXPCPCXXPCXPCPPNBADI
I F(NBAD.NEe 01RETURN

40 C
P SCOPS-C

13 IF(Q.LT.?4b.) GOTO 14 S NBAD-740 S RETURN -

14 EXPQw0. S IF(Q.GT.-670.1 EXPQ=EXP(QI
C STATEMENTS 13 AND 14 AVOID OVERFLOW OR UNDERFLOW BY EXP FUNCTION

*45 FEX-PSC*EXPQ
FuFEX4C-X 12,1(1(
00 15 1(8-1,3
P SCX 1KB )--CX(KB )

*15 FX(KB)-EXPQ*(PSC*QX(KB).PSCXIKB)).CXIKB)
50 FX(2)=FX(21-1.

PSCX (3)-PSCX( 3).PSR
FX(3)sFX(31*EXPQ*PSR
DO 25 KB15,
PSCP( KB)--CP(KB)

* 55 25 FP(KBI=EXPQ*(PSC*QPIKB).PSCP(KBI)CP(KBI
C

DO 35 K(5-1,3 S DO 35 KC*1,5
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FXP(KBKC )uEXPQ*(PSC*(QXP(KBPKC)*QX(KBI*QP(KCI)
A.QX(KB)*PSCP(KC),PSCX(KB)*QP(KC)-CXP(KB.KC) )4CXP(KB,#KC)

*60 35 CONTINUE
C

DO 32 KBaI,3 S DO 32 KCu1,3
FXX(KBKC)=EXPQ*(PSC*(QXX(KBKC)+QX(KB)*QX(KC)I
AQX(KB)*PSCX(KC)4PSCX(KB)*QX(KC)-CXX(KBKC))*CXX(KBKC)

*65 32 CONTINUE
FXX( 3v3)aFXX(3,3)*EXPQ*PSRR

C -

00 45 KB*I,5 S DO 45 KC=1#5
FPP(KBKC)-EXPQ*(PSC*(OPP(KBKCIQP(KB)*QP(KCJI

*70 A4QP(KB)*PSCP(KC).PSCP(KBI*QP(KC)-CPP(KBKC)).CPP(KBvKCI
45 CONTINUE
C

IF(NPSHK.LE.0)GOTO 75
C NPSHK IS THE NUMBER OF SHOCK PARAMETERS* NPSHKsO OR *4

75 KUPm5+4
C ASSUME THAT PRESSURE FUNCTION HAS 5 PARAMETERS AND SHOCK HAS 4 PAR.

DO 55 KBm6vKUP
PS CP(CKB I.PS PCKB )
FP (K B )EXPQ*( PSC*QP (KB ) PSCP (KB) )

80 DO 52 KCmI,3
FXP( KC, KS ) EXPQ*( PSC* (QXP (KC, KB 3,QK(KC )*QP( KBII

A* OXIKC) *P SCP( KB ) P SCX(CKC )*)P (KBI)
52 CONTINUE

FXP( 3,KB)uFXP(3,KB).EXPQ*PSRP(KB)
85 DO 55 KCu6,KUP

FPP(KBKCI-EXPQ*(PSC*(QPP(KBKC),QP(KBI*QP(KCI
A4QP(KB)*PSCP(KC),PSCP(KB)*QP(KC),PSPP(KBPKC)I

55 CONTINUE
DO 65 KBu1,5 $ DO 65 KC=6,-KUP

90 FPP(KBKC).EXPQ*(PSC*(QPP(KBKC)4QP(KB)*QP(KC)I
AeQP( KB)*PSCP(KCI*PSCP(KBI*QP(KC)4PSPP(KBKCJJ

65 FPP(KCvKB)=FPP(KBPKC)
75 CONTINUE

RETURN
95 END
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1 SUBROUTINE QFUNCT(XKKPPARQ.QPPQP.KKXP.QPP,
APSvPSR, PS Pv PSRR, PSRPr PSPPNPSHK#NSAD)

SAUXILIARY ROUTINE FOR PFIELDe IT COMPUTES THE EXPONENT 0 OF THE
C PRESSURE FIELD FUNCTION. IT ALSO TRANSMITS THE SHOCK

5 C OVERPRESSURE PS(R) WITH DERIVATIVES*
C
C SUBROUTINES ACOEFB8COEF AND SHODER ARE NEEDED

C DIMENSION X(3,13,PAR(IO3,OX(3),GP(103,@3XX13,33,OXP(3,10I,

10 A QPP(IO,10),AX(3),AP(1O),AXX(3,3),AXP(3,1O),APP(10,1O),
B TAIJX(3)
DIMENSION TP(10),TRP( 10ITPP(10,lO3,PSPI1O),PSRP(10),PSPP(10,1O)

C
COMMONICSC ALEISCDISPSCPRESCT!M

* 15 COMMONICOMSHKINPSH ,PARSH(43,VPARSH4.41SCDSHSCPSHSCTSH

C 0D 12 KA1,1O0 S QP(KAI=O $ DO 10 KBs1,3

10 QXPCKBKA)sO S DO 12 KCwI,1O
12 QPP(KAPKCI-0

20 NBAD-O S RsX(3#KK)*SCDIS
C

IF(NPSHK.GT*O) GOTO 13
C IF NPSHK a NUMBER OF SHOCK PARAMETERS IS ZERO THEN COMPUTE ONLY
C DERIVATIVES WITH RESPECT TO PRESSURE PARAMETERS PAR(l) THROUGH PAR(!

25 CALL SHOCK2(RTTRTRRPSPPSRPSRRWSAOI
IF(NBAD*NE.O) RETURN
GOTO 14

C
13 CONTINUE

30 CALL SHODER(R,#TTRTPTRRTRPTPPPSPSRvPSP,
A PSRRvPSRPPSPPNBAD)
lF(NBA09NEeOIRETURN

C
14 COIT INI.E

35 C SHOCK2 OR SHODER COMPUTED EVRYTHING IN SI UNITS. NOW SCALE RESULTS
C ACCORDING TO THE SCALES IN ICSCALEI

T&TISCTIM S TRwTR*SCDIS/SCTIN S TR~oTRR*SCDIS*02/SCTIN
PSmPSISCPRE S PSRsPSR*SCDISISCPRE S PSARePSRR*SCDIS**2ISCPRE
IF(NPSHK.LEe03 GOTO 16

40 C
DO 15 K~w6p8
TP(KB~InTP(KB)*SCPRE*SCDIS**IKB-5) /SCTIN
PSPIKS).PSP(KB)*SCDIS**(KB-51
TRP(KBI-TRP(KB)*SCDIS**(KB-4)*SCPREISCTIM

45 PSRP(KBI-PSRP(KB)*SCDIS**(ICB-41
TPP( 9,KB)-TPP(9,KB)*SCPRE*SCDIS**IKS.53 S TPPIKB,916TPP(9,KBO
PSPP(9,KBIsPSPP(9,KB)*SCTIM*SCDIS*S1KB51 S PSPP(KBP910PSPP(9,KB
DO 15 KCw6,6
TPP( KCKB~sTPP(KCKB)*(SCPREISCTIM)*92*SCOIS**(KB*KC-10I

s0 PSPP(KCPrB,.PSPP(KCPKB)*SCDIS**(KBKC-10I
15 CONTINUE

PSP( 9RPSP193*SCTXM/SCPRE
T PP( 9.93 T PP (9#91*5CT I
PSPP( 9,9)uPSPP(9,92*( SCTIMISCPRE )**2

55 C
16 CONTINUE

TAIJX(1,KI-T
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TAUXtIll S TAUX(2)aO. S rAuX(31-R
C

60 C NEXT COMPUTE THE LINEAR TERM IN THE EXPONENT
CALL ACOEF(XKKPARPAPAXAPAXXPAXPAPPNSADI
IF(NBAD.NEeO)RETURN
0. A* TAU

c
65 DO 25 K81,v3

OX (KSPuAX ( KS)*TAU*A*T AUX( KS
00 25 KCu1#3
QXXIKBKC)UAXX(KSKCI*TAU.AX(KS)*TAUK(KCP*AX(KC)*TAUX(K)I

25 CONTINUE
70 OXX(3v3IuOXX(3,31-A*TRR

C
DO 35 KB=1,3 S 00 35 KCu1,5

35 OXP(KBKC).AXP(KBKCI*TAU.AP(KC)*TAUX(KSI

?s DO 45KB=1#5 S OP(KSI.AP(KS)*TAUJ
00 45 KCwl,5

45 OPPgKSKCI=APPIKSKC)*TAU
IF(tPSHK*LE*OIGOTO 53

C MPSHK IS THE NUMBER OF SHOCK PARAMETERS
so KUPu5*NPSHK

C ASSUME THAT PRESSURE FIELD HAS 5 PARAMETERS
DO 48 KAw6vKUP
OPfKAlw-A*TPlKAP
QXP( 3,KA) a-AX(3)*TPIKAI-A*TRP(KA)

as DO 46 K~w6vKUP
.46 OPP( KAt KSI -A*TP P(KA KBSI

00 50 KA=liS S D0 50 KI-6vKUP
OPPI KAPKS I-APIKA P*TPIKB)

50 OPP(KSKA)BQPPIKAKSI
90 C

C NEXT COMPUTE QUADRATIC TERM
53 CALL SCOEF( XKK, PARAAX, AP, AXXAXPAPPNSADI

IF(NSAO.NE eO)RETURN
.0. A*T AU *T AU

95 C
00 55 KSU1,3
QX(KS).@XIKS),TAU*(AK(KS)*rAU,2.*A*TAUX(KSII
00 55 KC1,3
@XX(KSKC)aOXX(KBKC).TAU*(AXX(KSKC)*TAU,2.*AXIKSI*TAUX(KCI

100 A+2.,*AX(KCP*TAUX(KS))*2.*A*TAUX(KB)*TAUX(KCI
55 CONTINUE

QXX( 3,31a0XX13,3)-2.*A*TAU*TRR

00 65 K~al#3 S 00 65 KCelvS
105 QXPIKBpKCJSOXP(KSKCP.TAU*(AXP(KSKCP*TAU,2.*

ATAUXIK&)*AP(KC)
65 CONTINUE

C
0O 75 K&*lv5 S QP(KS~uOP(KSI*APIKSP*TAU*TAU

I10 00 75 KC&1*5
75 @PP(KSKC)UOPP(KBKC).APP(KSKCP*TAU*TAU

IF(NPSHK*LE*014OTO 9?
00 65 KAw6vKUP
QP(KA)uQP(KAl-A*2**TAU*TP(KA)
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115 QXPI 3,KA)SQXP(3,KAS.2.**-AX(3)*TAU*TP(KA),A*TP(KA)*TR
A-A*TAU*TRPIKAJl
DO 85 KB*6,KUP
QPP(KAKB)UQPP(KAKB).A*2.*(TP(KAI*TP(KB)-TAU*TPP(KAKB)II

85 CONTINUE
120 DO 95 KAm6,ICUP S DO 95 K9m1,5

OPPI KBKA)OQPP(KBKA)-2.*AP(KB )*TP(KA)*TAU
95 P P(KAsKB I OPP K BK A)
97 CONTINUE

RETURN
125 END
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SUBROUTINE ACOEF(XKKPARAAXAPAXXAXPAPPNBAD)
C LINEAR COEFFICIENT IN PRESSURE FIELD EXPONENT
C AUXILIARY ROUTINE FOR GFUNCT
C

5 DIMENSION X13,1),PAR( 10),AX(3),AP(10),AXX(3,3),AXP( 3,10),
AAPP(1O,10),CP(2),CXP(2)PCPP(2,2I
COMNON/CFLDEX/EXAvEXBpEXC

C
N BAD. 0

10 RuX(3#KKI 6 PlePAR(I) S P2mPAR(2)

CALL COEFFI(RPP1P2EXACXCPCXXvCXPCPPPNBADI
!F(NBADoEQ*OIGDTO 15 6 NBA~uNSAD.100 S RETURN

15 15 00 25 KAwI,5 S AP(KA)mO S IF(KA.LE.3JAX(KAlsO
DO 25 KO-1,5 S IF(KA*LE.3)AXP(KAPKBI-0
IF(KA.LE.3oANO.KB.LE. 3)AXX(KAKBIu0

25 APP(KAK8)u0
C

20 AX(3)oCX I AP(1)wCP(ll S AP(21*CP(2)
AXX(3,3)oCXX S AXP(3#1)=CXP(Il S AXP43#2)uCXP(2)
00 35 KA.1,2 S DO 35 KBmlp2

35 APP(KA*KBI=CPP(KAPKB)
RETURN S END
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1 SUBROUTINE BCOEF(XKKPARAAXPAP.AXAXPeAPP.NSADI
C QUADRATIC COEFFICIENT IN PRESSURE FIELD EXPONENT
C AUXILIARY ROUTINE FOR QFUNCT
C

1 5 DIMENSION X(3,1IPAR(1OIAX(3),APE1OI.AXXE3DSI,
AAXP( 391O)PAPP(IOPIl)PCP12hPCXP(2CPPta2I2
COMIONICFLOEXIEXA, EXBEXC

C
NB AD=G

10 R*X(3#KK) S PlmPAR(3) S P2sPARM4
EXmEXBU CALL COEFFI(RP~PP2EXACX,CPCXeCXPCPPNBADI
IF(NBAD*EG.OIGOTO 15 S NBADs200*NlAO S RETURN

c
15 15 DO 25 KAslv5 S AP(KA~w0 6 lF(KA.Lfo3VAXEKAlwO

DO 25 K115 S IFIKA*LE*3$AXP(KA*KBIu@
IF(KA.LEo3.AND.KBeLE. 3IAXX(KAsvKB)U0

25 APP(KA9KB~m0

20 C AX(3lmCX SAP(3)wCPE1) SAP(41=CPEII

3APP(2*KAP2+KBIOCPP(KAvKB)
RETURN S END
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SUBROUTINE CCOEF(XKKPARAAXgAPAEXXAXPAPPNSDADI
C THIS IS ADDITIVE COEFFICIENT IN PRESSURE FIELD FORMULA
C AUXILIARY ROUTINE FOR PFIELD

5 DIMENSION K43,11,PAR(1O),AX131,AP1101,AXXI 3,3lhXPl 3,101,
A APPI1O,1OlCP(2ICXPI2),CPPIZ,2)

CONNONICFLOEXIEXA, EXI, EXC
C

NBDOO
10 RoX1 3#KKI 6 PlePAR451 S P2e0.

CALL COEFFIIRPlPZEXACKCPCXXvCXPCPPNSADI
IFINSAD*EQO160T0 15 S NBA~eMSAO.300 S RETURN

C
1515 DO 25 K0.199 S APIKAl*0 6 IFlKA.LE*3lAXEKAlsG

DO 25 KS.1,5 S IFfKAsLEo3)AXPlXApK~lw0
IF(KA.LE.3eANDI(S.LE.3IAXXIKAKlaO

25 APP(KAKBsIO
C

20 AX13ImCX 6 API5suCPl1I
AXX(393$oCXX S AXPES,51*CXPI1I
APPI Ssi)uCPPE is1)
RETURN S END
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* 3. SUBROUTINE COEFFI(RPlP2,EXAPAXAPAXXAXPAPPNBADI
C THIS COMPUTES TAU COEFFICIENTS TO BE USED IN PRESSURE FIELD
C FUNCTION EXPONENT AND AS ADDITIVE TERM* THE COEFFICIENTS DEPEND ONI C

5 DIMENSION AP(21*AXP(21#APP(2,2)
C

NB AD .0
REX-1./R**EX
A-RE X*( P1.P2*R)

10 C A IS TH4E COEFFICIENT. NEXT COMPUTE FIRST ORDER DERIVATIVES
AX=REX*(-PI*EX/R4P2*(1.-EXII
AP(1)-REX S AP(2)aREX*R

C NEXT COMPUTE SECOND ORDER DERIVATIVES
AXXuREX*(P1*EX*(EX.1. IR-P2*(1.-EX3*EX)/R

15 AXP(1~sREX*(-EX)IR S AXP(21IREX*(1.-EX)
APP.(1,1)u0. S APP(1,2)u0. S APP(2,1)-0. S APP(2,2).O..-
RETURN S END

214



1 SUBROUTINE SHOCK(R#TsPOVUS,*UPPRHO#NBAO)
C THIS COMPUTES SHOCK VALUES USING PARAMETERS FROM ICOMSHCK/
C ALL ARGUMENTS ARE ASSURED TO BE EXPRESSED IN SI UNITSIC ROUTINE USES ROMBIN AND SHTINT TO COMPUTE SHOCK ARRIVAL TIME

5 C
C R aSHOCK DISTANCE (GIVEN)
C T *SHOCK ARRIVAL TIME
C POY - INCIDENTAL SHOCK OVERPRESSURE
C us a SHOCK SPEED

10 C UP u PARTICLE VELOCITY BEHIND SHOCK

C RHO - SHOCK DENSITY
C NBAD - ERROR INDICATOR. NBAD.NE.o IN CASE OF ERROR RETURN
C

EXTERNAL SHTINT
15 C INTEGRAND TO COMPUTE SHOCK ARRIVAL TIME

C
CONMONICOMNSHKINPSPPARSH(4),VPARSH(4,41,SCDIS, SCPRE, SCTIN

M C OMMON/AMBCHA/PZ, TZ, GAM, AMOL, CHVOL, CHEN, CHHPCHHER
COMMONICF2OERIGAMCAP, SNDSPDPAR44)ALOWPSCDSCPPSCT

20 C
GAMCAP=GAMCAP/SCP S SMDSPO-SNDSPD*SCDISCT S ALGW=ALOW*SCD
SCDul. S SCPs1. S SCT1.
DO 15 KA1,3

15 PAR(KA)-PARSH(KAI*SCPRE *SCDIS**KA
25 PAR(4)uPARSH(4)*SCTIM

C THIS CHANGED THE CONTENTS OF /CF2DER/ INTO SI UNITS

POV-U(PAR(3)IR+PAR(2))IR.PAR(l))/R
CALL ROMBIN(SHTINTALOWvRFoNBAD)

30 C QUADRATURE TO COMPUTE SHOCK ARRIVAL TIME
IF(NBAD.EQ.O) GO TO 30iPRINT 20,NBAD

20 FORMAT(IH #*RETURN FROM SHOCK WITH NSAD* *,I5)
RETURN

35 C
30 CONTINUE

T=F/SNDSPO +PAR(4)
US-SQRT(SNDSPD**2*(I1. GAMCAP*POV)
RHOZ ( AMOLI8.31431*(PZITZ)

40 UP-POV/(RHOZ*US)
RHORHOZ*(I..GAMCAP*POV)(1.,(GAM-1.)*POV*0.51(GAM*PZI)
RETURN
END
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1 SUBROUTINE SHOCK2(RTTRTRRPPPRPRRNBAO)
C THIS ROUTINE COMPUTES SHOCK ARRIVAL TIME AND OVERPRESSURE FOR
C GIVEN DISTANCE
cc

5 C Rt - SHOCK DISTANCE (GIVEN$
C T a SHOCK ARRIVAL TIME

*C TR, TRR a DERIVATIVES OF T WITH RESPECT To Rt
*C P - SHOCK OVERPRESSURE

C PR, PRR a DERIVATIVES OF P WITH RESPECT TO Rt
10 C

C ALL QUANTITIES ARE COMPUTED IN SI UNITSK C
EXTERNAL SHTINT
COMMON/COMSHKINPSPARS(4),VP( 4,4),SCOSSCPSSCTS

15* COMNONICFZDERIGAMCAPPSNDSPDPCP(41,PALOWSCOSCPSCT

GAMCAP-GAMCAPISCP S SNDSPDmSNDSPD*SCDISCT S ALOW*ALOW*SCD
rw SCDml. S SCPa1. S SCT*1.

DO 15 KA1,3
20 15 CP(KA)-PARS(KA)*SCPS*SCDS**KA

C P(41mP AR S(4) *SC TS
*C THIS TRANSFORMED /CF2DER/ INTO SI UNITS

C
CALL ROHS IN(SHTINTPALOWPR*TPNSAD)

25 C QUADRATURE TO COMPUTE SHOCK ARRIVAL TINE
IF(NBAD*EQ.0) GO TO 30

PRINT 20,NBAD
20 FORMAT42H P*RETURN FROM SHOCK2 WITH NSADu *#15)
30 CONTINUE

30

Po((CP(31/R*CP(2))IR.CP(II)IR
PRu-((3.*CP(3)IR.2.*CP(2) )IR+CP(1))IR**Z
PRRu( (12. *CP(3)IR*6.*CP(21)R*CP(1) IIR**3
T*T/SNDSPD.CP(4)

35 SOu1.+GAMCAP*P
TRal./I(SQRT(SQ)*SNDSPD)
TRR--0.5*GAMCAP*TR*PR/SQ
RETURN
END
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SUBROUTINE SHTINT(X#FNBAD)
C INTEGRAND FOR SHOCK ARRIVAL TIME COMPUTATION

C

S C IF(XeGTo1.E-1O) SOTO 15 s NSADwl 6 RETURN

is SauI.,GAfCAP(PAR(31/XPAR(2JIIX*PAR(lIII/X
IF(S@.GTol*E-100) SOTO 25 S NBA~n2 S RETURN

25 Fe1.ISORT(SOI S NSADOO
10 RETURN

END
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1 SUBROUTINE ROMBIN (FPABPFINTPNBADI
C ROMBERG INTEGRATION SUBROUTINE
C

DIMENSION T(1O,920),CORKM(10)
5 C

NB ADua
CALL F(AvFANBAO) S IF(NBAD.NE.O)RETURN
CALL FLBFONOAD) S IF(NBAD.NE.O)RETURN
T(1, 1 a(FA+FB)*0.5

10 K~ml S KMAw1

15 DENuFLDAT(KMA)*2. S FM=O
00 25 KAI,.KMA
AC=FLOAT( 1+2*(KMA-KA) I/DEN

15 BCaFLOAT(2*KA-1)/DEN
AR GaAC *A* BC *
CALL F(ARGPFNNBAD) S IF(NBAD*NE.O)RETURN
FMoFM+FN

25 CONTINUE
20 FMoFM/FLOAT(KMA)

T(1,KM+1) a(T( ,Ktq)4FM)*0.5
C THIS IS TRAPEZ. NOW COMPUTE ROMBERG

KMUKM*1 $ KCa1 $ ODEN-l.
C

25 35 KC-KC+1 S DDEN-DDEN*4.
CORKM(KC)-(T(KC-IPKM)-T(KC-lKM-1)(DOEN-1.)
T(KCPKM)=T(KC-1,KM)*CORKM(KC)
IF(KC.LT.KM.AND.KC.LT.10)GOTO 35
IF(KC.GE.3)GOTO 4.5

30 C AFTER AT LEAST 3 STEPS BRANCH TO 45 AND TEST CONVERGENCE
KMA*KMA*2 S GOTO 15

C
45 00 55 KA2,KC

TESTuABSC CORKM(KA))
35 IF(TEST.LE.ABS(T(KCKrl))*1.E-1O3GOTOI 65

* IF(TESToLE.1.E-100)GOTO 65
55 CONTINUE

- . IF(KII.GE.20)GOTO 65
C COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS

40 KMA=KMA*2 S GOTO 15
C

65 FINT-T(KCKMI*IB-A)
RETURN
END

218



SUBROUTINE SHOOER(RTTRTPTRRPTRPTPPP
A POVPPRPPPRRPRPi.PPPNBAO)

C THIS COMPUTES FOR GIVEN DISTANCE R THE CORRESPONDING
C SHOCK TIME T AND OVERPRESSURE Pay, AND DERIVATIVES

5C SUBROUTINE USES F2SHCK TO COMPUTE SHOCK ARRIVAL TIME
C ALL ARGUMENTS ARE ASSUMED TO BE IN St UNITS
C

DIMENSION TP(1O),TRP( lO),TPP(1O,1O),PP(1O),PRP(LI)PPP(1O,1O3,
A SPAR(1OIX(5,1),FX(5),FP(1)FXX.5,5),FXP( 5,1O),FPP(IOPLOI

10 C COMMON/COIMSI4KINPSPPARSH(4),VPARSH(4,4),SCDISSCPREPSCT1IM

COMMONICFZOERIGANCAPPSNDSPOPPRS(4)iALOWPSCDSCP, SCT
C

GAMCAP=GAMCAPISCP S SNDSPDwSNDSPD*SCDISCT S ALOWsALOW*SCD
15 SCO~l. S SCPu1. S SCTm1.

C THIS CHANGED /CF2DER/ TO S1 UNITS
IF(NPS.GE.O*AND.NPS.LE.SIGOTO 15

C THIS IS COOED FOR NPS a NUMBER OF SHOCK PARAMETERS w 4
NBADmIABS(NPS) S RETURN

20 25 NBAD25 $ RETURN
C
15 IF(R.LE.O.)GOTO 25

N BAD .0
IF(NPS.EO.O)GOTO 55

25 C
C NOW COMPUTE SHOCK OVERPRESSURE IN PASCALS BY 3-PARAMETER FORMULA

DO 35 KA=l,3
35 SPAR(KA).PARSH(KA)*SCPRE*SCDIS**KA

SPAR 4)=P ARSH(41*SCTIM
30 C SPAR IS FOR COMPUTATION OF POV [N PASCALS WHEN Rt IS IN METRES

C
POV-((SPAR(3)IR+SPAR(2))IR.SPAR(I1)IR
PR-C(SPARC 31*3. 1R4SPAR(2)*2. I R.SPAR(1i I R**2
PRRs((SPAR(3,*12./RSPAR(2)*6.)/RSPAR(1)*2.)/,r**3

35 C
DO 37 K0-1910 S PP(KAlmO S PRP(KA)uO
TP(KA)uO S TRP(KAI=O
DO 37 K~mlIO S TPP(KAKB)aO

37 PPP(KAgKB)=O :

40 C
C ASSUME THAT SHOCK PARAMETERS ARE NR. 6,7,8,9.

PP(6$nl./R S PP(7)-PP(6)IR $ PP(B)sPP(7)IR
PRP(6)--PP(7) S PRP(7la-2.*PP(81 S PRPf8)w-3.*PP(8IIR

C NEXT COMPUTE SHOCK ARRIVAL TIME. K(1)EPRESSURE, X(3)=TIME
45 X(1lllO S X(2pI)*R S X(3,1Ra0

CALL F2SHCK(X,1.SPARFFXFPFXXFXPFPPNBADI
C

IF(NBAD.NE.0)GOTO 55
T*F/SNDSPD S TR*FX12)ISNDSPD S TRR*FXX(2,2IISNDSPD

50 C
DO 45 KAulvtPS S TP(5*KA)=FP(KA)ISNDSPO
TRP( 5.KAI=FXP(2pKAIISNOSPD

* DO 45 KB-1,*NPS
45 TPP(54KA5+KB)FPP(KAKB)ISNDSPD

55 C
55 CONTINUE

RETURN
END
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1 SUBROUTINE FZSHCK(XXKAPPARFFXFPPFXXFXPFPPNBAD)
C THIS IS SECOND CONSTRAINT COMPONENT FOR SHOCK FITTING
C

DIMENSION XX(5,100iPAR(IO),FX(5),FP(1OIFXX(5, 5$,FXP(5,1O).
5 A FPP(10,10)PSF(9)

C
EXTERNAL F2DER

C
COMMONICF2DERICAMCAPSNDSPDCPAR(4)PALOWSCDSCPSCT

10 C GAMCAP-( (1.,GApq)1(2.*GAM3)*(SCPRIAMBPR)
C GAMCAP, SNDSPD AND ALOW ARE SET BY SUBROUTINE SCALSH
C

DO 15 KB*1#4
15 C PAR (KB)s PAR(KB)

15 C THE PARAMETERS CPAR WILL BE USED BY SUBROUTINE F20ER
XuXX(2PKA)
DO 25 KB*1,3 S DO 25 KCu1*3

25 FXX(KBKC)-O
IF(X.GT.1.E-301 GOTO 35 S NBADs1 S RETURN

20 C
35 NBADuO

SQU1..GAMCAP*((PAR(3)IX.PARI2I3IX*PARI1))IX
IF(SQ.GT..ef-5O I GOTO 45 S NBAO=2 S RETURN

45 FX(1)uO. $ FX(2)-l./SQRT(SQ) S FX(3)--SNDSPO
25 FXX(2 92)u0.5*GAMCAP*FX(ZD*( (3. *PAR(3)IX.2.*PAR(21)IX

A *PAR(l))/(X*X*SQ)
IC COMPUTE PARTS OF F2 AND DERIVATIVES BY MULTIPLE QUADRATURE

CALL ROMULT(F2DERPALOWXSFPNBAD)
IF(NBAD*EQ.O) GOTO 55 $ NBADaNBAD+10 S RETURN

30 55 F-SF(1Ii(PAR(4)-XX(3,KAII*SNDSPD
FP(1)nSF(2) S FP(21*SF(3) S FP(3)-SF(4) S FP(4)SNDSPD
FPP(1,1JnSF(5) S FPP(1,2)=SF(6) S FPP(1,3)*SF(71
FPP(2,1)uSF(bl S FPP(2,2)nSF(?) $ FPP(2,3loSF(Bb
FPP(3#1)*SF(71 6 FPP(3,2)=SF(81 S FPP(3,3)*SF(9)

35 00 65 KB=194 S FPP(4,K8IuO S FPP(KS,4)a0 S FXP(1.KBIsO
65 FXP(3,KB~nO

FXP( 2,1).-0.5*GAMCAP*FX(2)I (X*SQ)
FXP(Z22)FXP(2,1)IX S FXP(2,3)sFXP(2v2)/X S FXPI2,4)6O
RETURN

40 ENO
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ISUBROUTINE FZOER XUKF 18AD I
INTEGRAND FOR NINE Cc~ONENI UF 2 AND DERIVATIVES

C USED BY F2SHtCK AS ARGUMENT OF ROMULl
C

5 DIMENSION F(9)
C

COMMONICF2DERIGAMCAPSNOSPDt PAR (4),vALDWj,SCD, SCPSCT
C GAPCAPsu1(.*GAM)1(2.*GAMfl*(SCP /AMBPRI
C GAMCAPP SNOSPO, ALOW AND SCALES ARE SET BY SUBROUTINE SCALSH

10 C
NBADuO S IF(X.GT.1.E-30) GOTO 15 $ NBAOul S RETURN

C
15 Yu1.IX

SQul.*GAMCAP*((PAR(31*Y+PAR(Z3J*Y*PAR(l))*Y
15 IF(SQ.GT.1.E-50 I GOTO 25 S NBADs2 S RETURN

C
C INTEGRANDS CORRESPOND TO FOLLOWING QUANTITIES
C FFP(IP(2), C3),FPP(l,l), (l,2I,(1,3)-(2,2),(2,3II3,3)

20 F(2)s-0.5*GAIICAP*F(1)*YISQ
F(3)=F(2)*Y S F(4)*F(3)*Y
F(5)&-1.5*GAMCAP*F(31 ISO
F(61=F(5)*Y S F(?InF(b)*Y 6 F(81*F(?)*Y S F(9)uF(81*Y
RETURN

25 END



SUBROUTINE ROWJULT(FpAsPBPSFPNBAD)
C ROMBERG INTEGRATION OF A 9-DINENSIONAL VECTOR FUNCTION
C

DIMNSION SF1),T(9,1OZO)PFA(9).FB(9),FNI9 3,FN(9)PCORKN(9, 10)
5 C

NBAD*O
CALL F(AFANBAOI S IF(NBAD.NE*0) RETURN
CALL FtBPFBNBAD) S IF(NBAD.NE.O) RETURN
D0 14 KDu1,9

11 14 r(KDP1,1IN(FA(KD).FB(KD))*O.5
K~ml S KMAul

C
15 00 16 KDw1,9
16 FM(KO~nO

15 DEN=FLOAT(KMAI*2*
DO 25 KAwlKMA
AC=FLOAT(I+Z*(KMA-KAI I/DEN S BCsFLOAT(2*KA-1)/DEN
ARGRAC *A* BC *
CALL FIARGPFNPNBAD) S IF(NBAD*NE90) RETURN

20 DO 23 KDuI,9
23 FMIKD)uFM(KD).FN(KDI
25 CONTINUE

00 26 KDs1,q S FM(KD~sFM(KD)iFLOAT(KMAl
26 TIKO, 1,KM.1)u(T(KD,1,KM).FM(KD) 3*0.5

25 C
C TH4IS IS TRAPEZ. NEXT COMPUTE ROMBERG

K~wKNE1 S KC-1 S DOENal.
C

35 KC-KC.1 S DOENuODEN*4.
30 DO 37 Lal,9

CORKM(LPKC~u(T(L.KC-lKM)-T(LPKC-IPKM-I) )I(DDEN-1.)
37 Tf LoKCKM) OT(LPKC-1,KMI.CORKM( LvKC)

IF(KC*LT*KM*ANDeKC.LT*101 GOTO 35
C
C5 IF(KM.GE*3) GOTO 45 S KMA-KMA*2 S GOTO 15
CAFTER THREE STEPS TEST CONVERGENCE

C
45 IF(KMaGE*20) GOTO 56

C MAXIMUM OF 20 STEPS ALLOWED
40 C

00 53 L.1,9
TEST. ABS(CORKN(LvKC))

C KCuMINfKMv10l
IF(TEST.LE.1.E-100) GOTO 53

45 IF(TEST.LE.ABSIT(LKCKM))*1.E-10) GOTO 53
KMAwKMA*2 S GOTO 15

53 CONTINUE
C

56 00 58 Ls1,9
50 58 SF(L)wT(LvKCvKM3*(B-A1

RETURN
END
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I SUBROUTINE PRIIIS(RPHISTRHISTNRI
C THIS IS CALLED FROM FLOFLO TO PRINT FLOW HISTORY AT DISTANCE R
C R - DISTANCE FROM THE EXPLOSION
C HIST(59100) - TIME, OVERPRESSJREP VELOCITY# DENSITY# V**2*RHO/2

5 C RHIST(5,5,100) a VARIANCE-COVARIANCE MATRICES OF MI1ST
C NR - NUMBER OF NODES IN MIST
C

DIMENSION HIST(5,100)vRHIST(5,*5v100)
DIMENSION ERH(5),MES(5)

10 DIMENSION PRH(5),NEX( 51,iNT(5?sNUI5),vS(5
COMMONICSCALEISCOSCPPSCT

DO 85 KAuIPNR
IF(M00(KA,35).NEe1)60T0 47

15 PRINT 25,R
25 FORMAT(1t12.IIHOP20XP27HFLOW HISTORY AT DISTANCE R-PIPE12.5)

IF(SCO.EQo.IdPRINT 26
26 FORMAT(1H**b0XvlHMvII

IF(SCO,NEolo)PRlNT 27
20 27 FORMAT(IH*60X,3HSCDo 11

PRINT 35
35 FORMAT11HOo/,lM ,5X,3HNR.,6X,4HTIME,4X,6HST.ER.,OX,

A 9HOVERPRES. t2X,-6HST*ER* v,9X98"VELQCITYp2X,6145T.ER.,4X
B5XPHDENSITY,3Xp6HST.ER., 7X,1O4U*2*RI4OI2,2X,6HSTeEReII

25 IF(SCT.EQ.1.)PRINT 36
36 FORMATf1H.,15Xv34(S), 61,31(S))

IF(SCTotE.lolPRINT 37
3? FCGRfAT(H.,H4XSH(SCT),,X,5N(SCTI

IF(SCP*EQ*..PRINT 38
30 38 FORMAT(1H.,38X,4HiPAI,6X,4HIPA))

IF(SCP.NE.1.)PRINT 39
39 FORMAT(lH.,38X,514(SCPI,4X,5H(SCP))

IF(SCT.E0.looAN4D.SCD.EQ.1.)PRINT 41 -'

41 FORMAT(1H.,63XSH(MIS),4X,5N(M/SI
35 IFfSCToNEo1..OR.SCO.NE.1.)PRINT 42

42 FORMAT(1M+96?Xv9H(SCDISCT)i
IF(SCToEQ.1..ANO.SCP.EQol..ANO.SCD.EQO..)PRINT 43

43 FORMAT(H.,9lXv9H(KG/M**3))
IF(SCT.NE. 1.OR.SCP.NE.1..OR.SCO.NE .1. PRINT 44

40 44 FDRMAT(1H,,S7X,19H(SCP*SCT**2/SCD**2 )
IF(SCP*EQel*)PRINT 45

45 FORMATI1H.,1I14X,4H(PA),#4X,41PAJI
IF(SCPaNE.1.IPRINT 46

46 FORMAT( lH.,113X,514ISCP),3X,514(SCPII
45 47 IF(PODIKAp5).EQ.1)PR[NT 471

471 FORMAT(IH I
14E SCa0
MESS -0

50 00 479 K8aIp5
MESt K8) 1H
PRH( K8) uHf T(KBpKA)
ERHKB)-SRT(ASSRHIST(K8,KBKAIII
IF IRHIS7IKBKfl9KAI.LT.0.o) MESSaI

55 [F(R~fSr(K8.KB.KA)*Lr.O.O) iES (KBI.IH4N
DMuAM AX EABSI PRHI KB) I *E RI(KBl)
IF(DM.LE.O. I NEX(I(8)sO



IF (DN.GTo.0.INEX(KB)=I NT(IALOGIO(DM 1+100.1-100
PRH(KB -P RH(KB) I 0.**NEXI KS)

63 ERH(KB) =ERH(KB) /1O.**NEX(KB)
SI(KB) 1H. S IF(NEX(KBI.LT.0) S(KB)ulH-
NT(K8)uIABSINEX(KB)3I10 $ NU(KB)uIABS(NEX(KBII-NT(K8)

479 C ONT INUE

65 PRINT 48,oKA, (PRH(JIDERH(J),S(J ),NT(J),NU(J),Ju1,5)
.>48 FORMAT(H ,3Xv13v2Xv5(3X,1H(,OPF7*4#24 POPF6.493M )E#A1,ivI1))

IFINESS.EQ*1) PRINT 49,(HES(JlvJwl,53

IF(MESS.EQ*1)MESCuJ.
70 IFtNOD(KA,35J.NE.O.ANO.KA.NE.NR)GOTO 85

IF(MESCeEQ.1IPRINT 65
M E SC a 0

65 FORMAT(MHO ,351tNEGATIVE VARIANCES INDICATED BY "N")
IF(SCT.EQ.1..AND.SCP.EQ.1..A4D.SCD.EQ.1.PGOTO 85

75 DEtSC uSCP* (SC TfSC D)** 2
PRINT 70,SCTDENSC

70 FORMAT(IHIOX,32HTHE OUTPUT IS SCALED AS FOLLOWS:,II,1H ,ZOX,
A 4PTIME,1OXsHSCT NPIPE1295,2H S920Xp7HDENSITYt3X,
B ISHSCP*(SCT/SCO)**2 *,1PE12.5,8H KGIN**3)

so8 PRINT 75,SCPPSCP
75 FORNATMlH ,20Xs,12HOVERPRESSUREy2Xv5HSCP spIPE12.5,

A 3H PAP19X,16H4OYNAMIC PRESSUREvXSI4SCP OPIPE12.593i PA)
VELSC aSCO ISCT
PRINT 80,VELSCSCD .-

8 5 80 FORMATMli P20X,8HVELOCITY,2X,9HSCDISCT splPE12*5,4H MISv18X, v
A8I4OI STANCEP1SXS HSCO A,1PEl2o5,2H M)

85 CONTINUE

RETURN
90 END
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I SUBROUTINE UTEST'.SCf,SCPSCTRMINRNAXRHPTMAXPARPyPARNPARt
A HIS T, VHIS TNRH ISrpUrST,NRUTSTPNB AD)

C THIS ROUTINE CCMPUTES TEST VELOCITIES UTST BY INTEGRATION ALONG
C CONSTANT TIME LINES

5 C IT IS CALLED FROM FLOFLO AFTER HIST HAS BEEN COMPUTED
C
C ROUTINE USES SHOCK, ROMBIN2 AND UTINT
C

DIMENSION PAR(10),VPAR(10,IOIHIST( 5,2),VHIST(5.5,13.UTST(1)
10 C OMMONIAM BCHAIAPRE PATE M,AGAMo ADUM(51

COMMON/COUTST/T IMECP AR (10) jCAGAMC APRE
EXTERNAL UTINT

C
N BAD 0O

15 CAGAM-AGAM S CAPREoAPRE/SCP
00 10 KAwl,10

10 CPAR(KAI&PARIKAJ
N RUTS TmO
IF(NRHIST.LE.O) RETURN

20 NRUTST1l
UTST(1)=HIST(3,1) S IF( NRHIST.EQ.1) REr*~ I

* IF(RHoGE.RMAX) RETURN
RDmRH*SCO $ Ri-RD
CALL SHOCK( RDTlvPOV, USHPUPPRHOLBAD)

25 IF(LBAD.EQ.Ol GOTO 25
12 NBAD=100.IABS(LBADI*lO*NRJTST
13 PRINT 15PNBAO

RETURN
15 FORMAT(1HO,1OX,28HRETJRN FROM UTEST WITH NBADI16)

30 C
25 DTIMDs(HISTI1p2)-HISTt1,1))*SCT

TD=HISTIIP2)*SCT
27 R2=R 1+DTIMD*USH

CALL SHOCK( R2,TZ,POVUSH, UP#RHO# LBAO)
35 IF(LBAD.NE.0) GOTO 12

C
C AT 35 START REGULA FALSI ALGORITHM TO FIND PROPER R
C SUCH THAT SHOCK ARRIVES AT GIVEN TIME TO AT Rt
35 R3sR2*(TD-T2)*(R2-Rll(T2-TI)

*40 CALL SHOCK (R 39T3, POV,USHIUP#,RHO# LBADI
IF(L8AO.NE.01 GOTO 12
IF(ABS(T3-TO).LE.DTIMD*0.Ol) GOTO 41
RlmR2 S TluT2 S RZ*R3 S T2uT3
GOTO 35

45 C
41 RSmR3/SCD S TIME-T3ISCT

CALL ROMBIN2(UTINTRtiRSUINLBAD)
C QUADRATURE TO COMPUTE TEST VELOCITY

IF(LBAD*EQeD) GOTO 45
50 NBA~m200+lA8S(LBADI*10+NRUTST

GOTO 13
C.
45 NRUTS TmNRUTST.1

(TST(NRUTST)-UP*( SCTSCO)*(RSRH)**2
* 55 A *(( POV/SCP.CAPRE)I(f4IST(2,NRUTST).CAPRE) )**(1. IAGAMI

B *UIN/(AGAM*RH**2*(HIST(2,fNRUTST).CAPRE)**(1.IAGAM)I
C THIS IS THE NEW TEST VELOCITY
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IF(RS.GE.RMAXJ RETURN
IF(NRUTST.GE.NRHIST) RETURN

60 TD=HIST(IPNRUTST*11*SCT
C NEXT TIME VALUE FOR WHICH TEST VELOCITY IS NEEDED

DTIMDmTD-T3
Rl*R3 S T~sT3
GOTO 27

65 END

4p.
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I SUBROUTINE UTINT(XFPNBAD)
C INTEGRAND ROUTINE FOR TEST VELOCITY COMPUTATION
CI ~COMNONICOUTSTITH4,PAR( 10) GAM, APRE

5 DIMENSION XX13,1),FX( 3),FP(10),FXX(3,o3),FXP(3,10),FPP(10, 10)
C

XX(1,1)sTH S XX(ZIlaO S XX(3,IlaX
CALL PFIELDC(XX,1,PARFFFXFPFXXFXPFPPPNBAD)
IF(MBAD.NE.O) RETURN

10 FUX**2*(FF.APREI**(1IC/AM-1.I*FX(1)

RETURN S END
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1 SUBROUTINE ROMBIN2 tFPAPB&FINT&NBADI
C ROMBERG INTEGRATION SUBROUTINE

C DIMENSION T(10.201PCORKM(101
5 C

N BAD* 0
CALL F(A, vNBAD) S IF(NBAD.NE.O)RETWJR1
CALL. F(BFBvNBAO3 S IF(NBADNE.O)RETVRN
T(1, 1)- FA.FBI*0.5

10 K~sl S KMA-1

15 DENnFLOAT(KMAI*Z. S FM=O
DO 25 KA=1,KMIA
AC=FLOAT(1,2*(KMA-KA) JIDEN

1s BC-FLOAT(2*KA-1 I/DEN
AR GaAC* A+ BC* B
CALL F(ARGFNNBAD) S IF(NBAD.NE.O3RETURNl

k FMmFM*FN
25 CONTINUE

20 FM-FM/FLOAT(KMA)
T(IPKM.1)0(T(1,KM).FMI*0*5

C THIS IS TRAPEZ. NOW COMPUTE ROMBERG
KM=KN*1 S KCu1 S ODENmI.

C
25 35 KCsKC.1 S DDENeDDEN*4.

T(KCKMI-T(KC-IPKMI+CGRKM(KCI
IF(KC.LT.KM.AND.KC*LT*10)GOTO 35
IF(KCoGE.3)GOTO 45

30 C AFTER AT LEAST 3 STEPS BRANCH TO 45 AlSO TEST CONVERGENCE

KMAmKMA*2 S GOTO 15

45 DO 55 KA*2,KC
TEST. ABS(CORKH(KAJII

35 IF(TEST.LE.ABS(T(KCKMI)*1.E-10)GOTO 65
IF(TESTeLEe1.E-l0O)GOTO 65

55 CONTINUE
IF(KM*GE*20)GOTO 65

C COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS -

40 KMAmKMA*2 S GOTO 15
C

65 FINT-T(KCKM)*(B-Al
RETURN
END
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1 SUBROUTINE PRITST(RRMAXHISTPVHISTNRI4ISTUTSTNRUTSTI

C THIS ROUTINE PRINTS THE TEST VELOCITIES UTST TOGETH(Ai WITH
C CORRESPONDING VELOCITIES FROM THE ARRAY HIST

5 C AND THE DYNAMIC PRESSURE COMPUTED USING THE TEST VELOlITY
C

DIIMENSION HIST(5vllvVHIST(5p5, IDUTST(1)
C

10 COMMON/CSCALE/SCDP SCP.SCT
IF10STL.)RTR
IF(NRUIST.LE.20)REPRNT

8 FORMAT(1IH of////)

15 DO 55 KAml9NRUTST
IF(MOD(KA,3519NE.1)GOTO 35

hi IF(NRHIST.GT*ZO) PRINT 11
11 FORMAT(lN1)

PRINT 15 vR
20 15 FORMAT(IH *20X,32HTEST VELOCITIES FOR DISTANCE R o.1PE12.5)

IF(SCD.EQ.ledPRINT 151
151 FORMAT(lH+965X,1HM,/)

IF(SCO.NE.1.)PRINT 152
*152 FORMAT( 1He,6b5X,3HSCOI1)

25 PRINT 153
153 FORMAT(IH ,83Xj,*DYNAMIC PRESSURM*

PRINT 34
34 FORMAT~iN p1OXp2HNR, 7X,4HTIMEv 8XPF8HVELOCITYZXP

A 6HST*ERo,9X,9NTEST VEL.,2X96HUTST-U,9)
30 PRINT 340i340 FORMAT(1H~,84X,13HUTST**2*RHOI2,)

IF(SCT.EQs le PRINT 341
341 FORMAT(1H P20Xp3H(Sll

IF(SCT*NE.1.JPRINT 342
*35 342 FORMAT(lH #19X,5H(SCT)l

IF(SCT.EQ.1..AN~oSCDm EQels )PRINT 343
343 FORMAT( 1I,33X,5H(MIS),3X,5H(M/SI,12X,5H(flIS),4X,5H(M/S) )

IF(SCToNEele9OR.SC04NEolsJPRINT 344
344 FORM4AT(1H.,37X,9H(SCDISCT),16X,99H(SCDISCTII

40 IFISCP*EQo1.)PRINT 345
345 FORMAT(1N*,88X,4H(PAl)

IF(SCP.NE.1.)PRINT 346
346 FORMAT(1H+,88XSH(SCP))

45 35 IFIMODIKA,5)*EQ.1JPR[NT 33
33 FORMAT(1H I

ERUSSORT(ABS(VHIST(3,93,KA I),
*50 UuHf ST( 3,KAl s UT-UTSTLKA)

UDsUTST(K(A)-HIST( 3vKAl
SUD=1H+ S IF(UO.LT.0.) SUDwiH-
OM*AM AX 1( ABS (U) ,ERUA BS (UTI, ABS( UD)I
IFIDM.LE.0.1 NEXO0

55 IF(DM.GT.Gd)NEXsINT(ALOGIO(DM).100.)-100
NT =I A BS (N EX) 110 S NU-IABS (NEX)-NI
SNEXmIH+ S IF(NEX.LT.0) SNEX-iM-
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FCT 10. **NEX
U*U/FCT S ERU-ERUIFCT S UT*UTIFCT S ABUDmABS(UO)/FCT

60 PRINT 36,KATIMUERUPSNEXNTNUUTPSUDABUDSNEXNTNU
36 FORMAT(114 v 8X,14,3X,1PE1Z.5.3XuIH(,OPF7.,Zi POPF6.4,34 IE,

A Al, IlI1,4X,1H(,OPF7.4,ZKA1,OPF6.4,3H )EA1, 11,11)

RHOuI4ISTI4,KA)S DYPoUTST(KA)**2*RHOI2.
65 PRINT 361PDYP

361 FORMqAT(114.,85X,1PE11*4)

IF(MOO(KA,35).NE.O.AND.KA.NE.NRUTST)GOTO 55UIF(SCT*EQ*1..AND.SCO.EQ.1.3GOTO 55
70 VELSCuSCDlSCT

PRINT 45PSCDSCTPVELSC
45 FORMAT(D40,15X,324TE OUTPUT IS SCALED AS FOLLOWS:,*

A 1OZ,8HOISTANCE,1OX,5HSCD *,1PE12.5,ZH M,1,
B 1H4 P57X,4HTIlqE#14X,5HSCT sp1PE12.5t2N S,1,

75 C 1H4 P57X,8I4VELOCITY,6X,9IiSCDISCT s,1PE1295,4H MIlS)
PRINT 451PSCP

451 FORMAT(1H P57X,16HDYNAMIC PRESSURE,2X,5HSCP *,IPE12.5,34 PA)

55 CONTINUE

so IF(NRIIIST.LE.NRUTST) RETURN
PRINT 65PRMAX

65 FORMAT(1140rlOXv 22HTEST VELOCITIES CANNOT,
A 36H BE COMPUTED FOR LATER TIMES BECAUSE, 6H RMAX-PlPE12.5,

85 8 31H4 LIMITS THE COMPUTATIONAL RANGE)
RETURN S END

L
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SUBROUTINE PLFFLD(SCOSCPSCT, DHIST, RHISTPNR.9 UTST, NRUTSTs TITLE)
C THIS ROUTINE PLOTS THE FOLLOWING FLOW VARIABLES
C OVERPRESSURE VERSUS TIME
C VELOCITY VERSUS TIME

5 C DENSITY VERSUS TIME
C DYNAMIC PRESSURE VERSUS TIME
C DYNAMIC PRESSURE FROM TEST VELOCITY VERSUS TIME
C TEMPERATURE VERSUS TIME
C

10 C SCDSCPPSCT a SCALES OF DISTANCE, PRESSURE, TIME
C 0 a DISTANCE FROM EXPLOSION
C HIST(59NR) a FLOW FIELD HISTORY(TPURHOU**2*RHO/21
C RHIST(5,5,NR) a VARIANCE COVARIANCE MATRICES OF MIST
C UTST(NRUTSTI a PARTICLE VELOCITIES COMPUTED BY TEST PROCESS

15 C
DIMENSION HIST(5,100) ,RHIST( 5, 5,1003TEMP(8)
DIMENSION X(102),XA(IO0$bY(10Z IYI(1001,*YZ(100)

l~l DIMENSION TITLE(3)
DIMENSION UTST(100)

20 COMMONIAMBCHA/ POTOGsMvVCvEC
COMNlON/PLOT/AP, AMZ(4),PLABL(4)
REAL M

C
CALL PLT8EG(8.7,11.Z,1.0v13,PLABLl

25 C
C THIS SECTION PLOTS OVERPRESSURE VERSUS TIME
C

X (1) HIST (1,11-0.1* (HISTI 1,NR 1-HIST (11))
Y(11 0.

30 X(2)*HIST(liol)
Y(21 aY( 1)
00 50 tulNR
X(I2)*HIST(1I)
Y(1.2 IaMIST(2oII.Y( 1)

35 EY=SQRT(ABS(RHIST(2,2,Il))
Yl(I )=Y(1+2)-AH*EY
Y2(I )sY(1,2 1+AH*EY
XA(I )uHIST(I)

50 CONTINUE
40 N=NR+2

CALL FIXSCA(XN,5o0,XSPXMINPXMAXDX)
CALL GRAPH(YYIY2,KMINPXMAX,-YMINYMAXX'JYSDXOSCO,
A AMSCTTITLEPN)
CALL PLTWNO(XMINXMAXYMINYMAX)

45 ENCODE ( OP909TEMP)
90 FORMAT(1BHOVERPRESSURE (PAI')

IF(SCP.NE.1.)ENCODE(80,p91,TEMPI
91 FORMAT(19HOVERPRESSURE (SCP))

TX=XMIN-0.7*XS
50 TY-(YMAX+YMINl*O.5-8.5*O.1*YS

CALL PLTSYM(Oo.1,TEMP,90.,vTX, TY)
CALL PLTOTS(1,OXY,N,O)

* -CALL PLTDTS(l,0.XApY1vNRv0l
CALL PLTOTS(1,0, XAY29NRP 01

55 CALL PLTPGE
C
C THIS SECTION PLOTS VELOCITY VERSUS TIME
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C
Y () S. 0

60 Y(2) uY( 11
00 100 Is1,NR
Y(I+2)aHIST(3.PI)
EY*SQRT(ABS(RHIST(3,3sI)l)
Yl(I )aYIIIZ)-AH*EY

65 Y(1Y12+HE
100 CONTINUE

CALL GRAPH(YY1,Y2, KNIN.XMAX, YMINYMAXXSYS, DXOSCDP
A AHSCTTITLEN)
CALL PLTWND(XMINXMAXYMINPYMAXI

?0 ENCODE(80p110,TEMP)
110 FORMAT(15HVELOCITY (MIS)')

IF(SCT.NE .l..OR.SCD.NE.1. )ENCODE(80,111TEIP)
111 FORMAT(19HVELOCITY (SCDISCT'3')

TYaC YMAX4YMIN)*O. 5-7. 0*0. *YS
?5 C ALL PLTSYN(0.1,TEMPj,90*PTX,*TY)

CALL PLTDTS(1,OXpY%,N,0)
CALL PL TDT S(Q19,OpXA, Yl-NR, 01
CALL PL TD T S (1.0pXAvY2 vNRP 0)
CALL PLTDTS(4p0,XApUTST#NRUTSTp0)

80 CALL PLTPGE
C
C THIS SECTION PLOTS DENSITY VERSUS TIME
C

Y(1) u(M/8.3143)*(POITO)*ISCD/SCT)**2*(1./SCP)
85 Y(2)uY(l)

DO 120 IalNR
Y(1*2)uHIST(4pI)
EYsSQRT(AS(RHIST(44,lI)
Y1(I )*Y(I.2)-AH*EY

90 Y2(I)-Y(I,214AH*EY
120 CONTINUE

CALL GRAPH( YpYlp Y2, XMINXMAXYMINtYMAX, XSPYSP OXv DmSCOv
A AHSCTPTITLEN)

CALL PLTWND(XMINKMAXYMINYMAX)
95 ENCODE (80,130PTEMP)

130 FORMAT(ISHDENSITY (KG/M**31111
IF(SCT.NE.1..OR.SCO.NE.1..OR.SCP.NE.1.)ENCODE(80,131,TEMP)

131 FORMAT(27HDENSITY (SCP*(SCTISCD)**21)
TYmI YMAX.YMIN )*0 .5-8. 5*0. 1*YS

100 C ALL PL TSY M (0.1 , T EMP p90.PTX , TY)I
CALL PLTDTS(1,v0,XoYN,0l
C ALL PL TD T S(I p09XA, Yl ,NR,0)
CALL PLTDTS(lp0vXAoY~vNRv0)
CALL PLTPGE

105 C
C THIS SECTION PLOTS DYNAMIC PRESSURE VERSUS TIME
C

Y(112.0.0
Y( 2)sY( 1)

110 DO 140 I.1,NR
Y(I*2ZDHIST(5vI)
EYsSQRTfABSfRHIST(5.*5,I)) )
Yl(l I Y(I421-AH*EY
Y2(I )*Y(I.2).AH*EY
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* 115 140 CONTINUE
CALL GRAPH( YYlY2,#XMINXMAXYMINYMAXXSYSDXDSCD,
A AHSCTTITLEN)

CALL PLTWNDIXMINPXMAXYMINYNAX)
ENCODE( 80, 15OTEM?)

*120 150 FORMAT(33HDYNAMIC PRESSURE RHO*V**212 fPA)31)
IF(SCP.NE .1.)ENCODE(80,151,TEMP)

151 FORMAT(34HDYNAMIC PRESSURE RHO*V**2/2 (SCP)>)
TYaI YMAX+YMIN)*0.5-16.0*0.1*YS
CALL PLTSYM(0.1,TEMP,90.,TXPTY)

125 CALL P LTD T S (Iv0 vXpYvNP0
CALL P LTD T S 41 vOvX AvY 1,N Rv0
CALL PLTDTS~l,0,XAmY2vNRO)
CALL PLTPGE

130 C THIS SECTION PLOTS DYNAMIC PRESSURE FROM TEST VELOCITY
C VERSUS TINE.

Y(1)00.S Y(21mY(1J
00 160 Iu1,NRUTST

* 135 Y( I*ZlaHIST(4,I)*UTST(II**2/2.
160 CONTINUE

BHu-2.$ NT-NRUTST*2
C BY SETTING THE ERROR FACTOR BHw-2 INDICATE FOR GRAPH
C THAT FOR THIS PLOT THE SAME SCALES AS PREVIOUSLY SHOLD

140 C BE USED, AND THAT TITLE OF PLOT SHOULD BE DIFFERENT
CALL GRAPH( YY1,Y2,XM IN,XMAX, YMINYMAK XSYS, DX, DoSCDP

A BHSCTTITLENT)
CALL PLTWND(XMINPXt AXPYMINPYMAX)
ENCODE (80,170,TEMP)

145 170 FORMAT(33HDYNAIIC PRESSURE RHO*V**212 (PA)3)
IF(SCP.NE.1. )ENCODE(80,171,TEMP)

171 FORMAT(34HOYNAMIC PRESSURE RHO*V**212 (SCP)~)
TYa( YMAX+YMIN)*0.5-16.O*0.1*YS
CALL PLTSYM(091,TEMP,90*,TXTY)

150 CALL PLTOTS(1,0vXYNRUrSr,Ol
CALL PLTPGE

C THIS SECTION PLOTS TEMPERATURE VERSUS TIRE
C

155 Y(1)TO
Y(2) uY( 1)

C
DO 180 Im1,NR
PR*HIST(2, I)*SCP.PO

*160 C PRESSURE IN SI UNITS
RG=HIST(4,I )*SCP*ISCT/SCDI**2

C DENSITY IN SI UNITS
Y( 1+2 )mPR*M/(RO*8.3143)

C THIS IS TEMPERATURE-PRESSURE*(MOLAR MASS)IDENSITY IN KELVINS
*165 EY-Y(1+2)*SOIRT(RHIST(2ZII*(SCP/PR)**2

' A -2.0*RHIST(2,4,I)*SCP/(PR*HIST(4,I)),RHIST(4,4,I),HIST(4,I )**2)
* Yl(I ) Y(1+2)-AH*EY

Y2(I )=Y(1.2)+AH*EY
180 C ON rI NVE

170 C
CALL GRAPH (Yp Yl, Y2, XM INP XMAXP YMINvYMAX, XSP YS, DX, 0DSCDOrAH, SCT,
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A TITLEPN)
CALL PLTWND(XMINPXNAXPYMqINPYMAX)
ENCODE( 80, 190,TEMP) --

175 190 FORMAT(16HTEMPERATURE (KIP)
TYn( YMAX.YMINI*0. 5-8. 0*0. 1*YS
CALL PLTSYM(0.1DTEMP,90.OvTXTY)
CALL PLTDTS(1,0,XYNPO)
CALL PLTDTS(1,0,XAPYIPNRP0)

180 CALL PLTDrS(1,OKAvY2t4RvO)
CALL FLTPGE

C
RETURN
END
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I ~~SUBROUTINE GRAPH( YYIY29 XMIN, XMAXP YMIN, YMAX, XS9YSP OXvDSCO,
A AHSCTTITLEN)

C AUXILIARY ROUTINE OF PLFFLD FOR ESTABLISHING SCALES ETC.
C IT IS CALLED FROM PIFFLO

5
DIMENSION Y(102lvYI(10O)hY2( 100lTITLE( 3)
DIMENSION TEMP(81

IF(AHeLT.-1.)GOTO 35
10 C IF ERROR FACTOR IS NEGATIVE THEN THIS IS A PLOT OF

C THE DYNAMIC PRESSURE FROM TEST VELOCITY. IN 'THIS CASE
C USE THE SAME SCALES AS FOR PREVIOUS PLOT

CALL FIXSCA(YPNP4*0,VSPYMINPYMAXPOYI
CALL CONSCA(YlN-2,4.0,YSPYMINYMAXPDY)

15 CALL CONSCA(Y2,N-2,4.OYSYMINYMAXPDY)
35 CONTINUE

CALL PLTSCA(2.5v4o0,XMINPYMINPXSPYS)

CALL PLTAXS(DXDYXMINXMAXYMINYMAX,4)
20 CALL LABAX(OX*2.,DY*2.,XMINXMAXYMINYMAX)

ENCODE( 80950,TEMP) TITLE
50 FORMAT (3Al10,1H~)

TXa( XMAX.XMIN)*0.5-15. Q*0.1*XS
25 TY=YMAX+1.0*YS

CALL PLTSYM(to.1TEMPvOsOTXvTY)
IF(SCD.EQ.1.)ENCODE(80,60,TEMP) D

60 FORMAT(28HDISTANCE FROM THE EXPLOSION ,F7o2,8BH METRES~)
IF(SCO.NE.I.) ENCODE(80,619TEMPI 0

30 61 FORI ATIZ8HDISTANCE FROM THE EXPLOSION ,F7.2,8H (SCDI))
TX-( XMAX.XMINI*0.5-22.0*0.1*XS
TYsYMAX+. 75*YS
CALL PLTSYM(0o.1TEMP,.9ovTXjTY)
IF(AH*LT.-1.)GOTO 72

35
ENCODE(80970TEIP) AH

70 FORMAT(*ERROR LIMITS CORRESPOND TO *,F5.2,* STANDARD ERRORS>*?
TXz( XMAXiXMIN)*O.5-24.0*0.1*XS
TYuYMAX+0. 5*YS

4.0 CALL PLTSYMfC.1,TEMPp0.0sTXvTY)
GOTO 78

72 ENCODE(80,973.PTEMP)
73 FORMAT(46HDYNAMIC PRESSURE COMPUTED USING TEST VELOCITY>)

45 TX=(XMAXXMINI2.-23.0*0.1*XS
TY=VMAX+0. 5*YS
CALL PLTSYM(0.1,TEMP,0.0vTXvTY)

78 CONTINUE
50 ENCODE(80980,TEMP)

80 FORMAT(9HTIME (Sl)')
IF(SCT.NE.1. 3ENCODE(80,81,oTEMP)

81 FORMAT(IIHTIME (SCTI')
TX=( XMAX4XMINI*0*5-5.O*O. 1*XS

55 TY=YMIN-0.5*YS
CALL PLTSYMIO.1,TEMP.DOTXPTY)
RETURN
END 235



LIST OF SYMBOLS

a, b, c, d - shock fitting parameters.

A, B, C - fitting parameters of a single overpressure history.

A(r), B(r), C(r) - functions, defined by Equation 6.3.

A,, A 2, BI, B2, C1  - overpressure field fitting parameters.

C - sound speed in ambient air, m/s.0

Cab c 12' etc. - correlation coefficients.

e - specific internal energy, J/kg.

E - effective energy released by the explosion, J.

eH, ep, etc. - standard error of the quantity in the index.

h - elevation of the pressure probe, M.

H - elevation of the center of the explosion, m.

M - molar mass, kg/mol.

P - pressure, Pa.

P - ambient pressure, Pa.

Pf(r, t; A,, A2, - fitted overpressure field function.

B1, B2' C 1)

Ph(t; A, B, C) - fitted overpressure history function, Pa.

P (r; a, b, c) - fitted shock overpressure function, Pa.

Q -exponent in Equation 4.3.

r -distance from the center of the explosion, m.

- a reference distance used in shock fitting, m.

s Sr p st  -distance pressure and time scales used in the

calculations, m, Pa, s.

t - time after the explosion, s.

t (r; a, b, c, d) - fitted shock arrival time function, s.

T - ambient temperature, K.
0
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V -volume of the f ireball, m

-variance-covariance matrix of 8.

x -range (ground distance) from the explosion, mn.

- ratio of specific heats.-

9 - a model fitting parameter vector.

P - density, kg/rn3

V - time after shock arrival t -ts, S. -
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